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ORIGINAL PAPERS 


THE RELATIONS BETWEEN COMPOSITION AND PROPERTIES 
OF ENAMELS FOR SHEET STEEL! 


By R. R. DANIELSON AND B. T. SwWEELY? 
ABSTRACT 

Very little has been reported on the relations existing between enamel composition 
and the properties except the resistance to acids. In this investigation a study was 
made of the relation between enamel composition and such properties of the enamel as 
expansion, strength and acid resistance, as well as the effect of the relative ‘‘fit’’ of the 
ground and cover coats on resistance of the enameled ware to impact and to thermal 
shock. 

The work was done on fourteen ground coats and white cover enamels applied to 
eight-inch dinner plates. The latter were tested for resistance to impact, to thermal 
shock, and to acetic acid. Determinations were made of the expansion and compression 
strength of the enamels before application to the steel. 

Conclusions.—1. The replacement of boric oxide by sodium oxide in the enamels 
increased the coefficient of expansion. Fish-scaling decreased with increase of ex- 
pansion, due to increases of sodium oxide. 

2. The compressive strength of the ground coats appeared to decrease with re- 
placement of boric oxide by sodium oxide, although the reverse conditions occurred in 
the case of the cover enamels. 

3. Impact on the parts of enameled ware not free to deflect, such as the curved 
corners at the bottom, gives a measure of the toughness of the enamel as applied on the 
steel. The resistance of the enamel on corners to impact apparently is a function of the 
inherent strength of the enamel rather than its ‘‘fit’’ on the ware. 


1 Published by permission of the Director of the Bureau of Standards of the U. S 


Department of Commerce. 
2B. T. Sweely, Ceramic Engineer, Coonley Mfg. Co 
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4. For greatest resistance to thermal shock, the ware should be coated with a ground 
coat having a coefficient of expansion equal to or preferably greater than that for the 
cover enamel. 

5. Acid resistance, while dependent on the enamel composition, is not affected in 
the same way for all enamels. For these particular cover enamels, resistance to acids 
decreased with replacements of boric oxide by sodium oxide. 


Introduction 


The subject of resistance of enameled ware to impact is of interest to 
manufacturers of all enameled products. Other properties are of impor- 
tance in particular lines. In the manufacture of kitchen ware, such factors 
as the resistance to thermal shock and the resistance to corrosive action 
of certain foods are of equal importance. 


Review of Literature 


The literature on enameling contains many references to the testing of 
enameled wares. 

Orton! reported on some tests of automobile tags for resistance to acids, 
thermal shock, impact, and bending. Since these tests were made on 
commercial enameled ware, no attempt was made to draw any conclu- 
sions as to the relation between enamel compositions and the chemical 
and physical properties. Orton makes reference to the circularized re- 
ports of Hooper on tests of enameled kitchen ware, but these evidently 
made no mention of the methods employed except in the case of tests of 
acid resistance. 

Shaw and Shaw? followed Orton with the first investigation on the rela- 
tion of the composition to the properties of some white cover enamels. 
They obtained important information on the relation of composition to 
solubility in acids, but they make no mention of the relation existing be- 
tween composition and the physical properties. 

Landrum,’ comparing ten white enamels, describes in detail methods 
for the testing of white enameled kitchen ware. Since the tests were 
made on enamels which bear no definite relation to each other, and in 
some cases at least are not enamels which could be used commercially, 
Landrum did not discuss any relationships between composition and prop- 
erties. The report is valuable because of its exposition of various methods 
suitable for the testing of commercial enameled kitchen ware. 


1 Edward Orton, Jr., ‘“Testing of Enameled Sheet Steel Wares,’’ Trans. Amer. 
Ceram. Soc., 11, 320 (1909). 

2J. B. and L. Shaw, ‘Testing Sheet Steel Enamels,” Trans. Amer. Ceram Soc., 
12, 463 (1910). 

*R. D. Landrum, “Comparison of Ten White Enamels for Sheet Steel.”” Trans. 
Amer. Ceram. Soc., 14, 489 (1912). 
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Poste,! Landrum? and Frost* have done considerable work on the testing 
of acid resistance of enameled ware with special reference to the types of 
acid and methods most suitable for such tests. 

An investigation on the relations between the composition of ground 
coats and their resistance to impact has been reported by one of the authors 
of this paper.‘ his gives some information on the effect of metallic 
oxides and silica on the resistance of ground coats toimpact. The tendency 
of cobalt oxide to increase the toughness of ground coats has also been 
shown by Landrum.® 

The relation of composition of enamels to their solubility in acids as 
applied to enamels on cast iron chemical ware was reported by Staley.® 

In a discussion on ‘““The Relation of Composition to Thermal Shock in 
Steel Enamels,’’ Sweely’ called attention to the apparent importance 
" of the relation of expansion of the ground and cover coats on the resistance 
of enameled ware to thermal shock. 


Plan of Investigation 


In view of the results obtained by Sweely in a few simple experiments 
with three enamels of different expansivities, it was planned to conduct 
an extended investigation along the lines suggested to determine what 
relations, if any, existed between ‘“‘fit’’ of the enamels and their resistance 
to impact and to thermal shock. 

The work as outlined consisted in the preparation of a series of ground 
coat and white cover enamels, so compounded as to give a range of ex- 
pansivities from values considerably below that for steel to values equal 
to that for the metal. This was most easily accomplished by selecting 
an enamel high in boric oxide and replacing the latter by sodium oxide. 
This procedure made it impossible to plan enamels of commercial types 
although some fell within the range of expansivities common to commercial 
enamels. 

The theoretical coefficients of expansions of the enamels were calcu- 

1K. P. Poste, ‘“‘Relative Action of Acids on Enamels,’’ Trans. Amer. Ceram. Soc., 
17, 137 (1915); 18, 762 (1916); Jour. Amer. Ceram. Soc., 2, 32 (1919); 3, 560 (1920). 
2R. D. Landrum, ‘Resistance of Sheet Steel Enamels to Solution by Acetic Acids 


of Various Strengths,’’ Trans. Amer. Ceram. Soc., 13, 494 (1911). 

3. J. Frost, “Action of Acetic Acid Solutions on Sheet Steel Enamels,” Jour. 
Amer. Ceram. Soc., 1, 422 (1918). 

4R. R. Danielson, “Effect of Variation in Composition of Ground Coats for Sheet 
Iron Enamels,”’ Trans. Amer. Ceram. Soc., 18, 343 (1916). 

5 R. D. Landrum, “Necessity of Cobalt in Ground Coat Enamels for Sheet Steel,” 
Trans. Amer. Ceram. Soc., 14, 756 (1912). 

6 H. F. Staley, “Some Relations of Composition to Solubility of Enamels in Acids,” 
Jour. Amer. Ceram. Soc., 4, 703 (1921). 

7B. T. Sweely, “Relation of Composition to Thermal Shock in Steel Enamels,” 
Jour. Amer. Ceram. Soc., 5, 263 (1922). 


1014 DANIELSON AND SWEELY—RELATIONS BETWEEN COMPOSITION 


lated from the theoretical melted composition of the frit according to the 
values assigned to the oxides by Mayer and Havas,' and checked by the 
Expansivity Section of the Bureau of Standards. 


Preparation of Enamels 


The melted compositions of the ground coats and cover enamels studied 
with their theoretical calculated coefficients of expansion are shown in 
Tables I and II. 

TABLE I 
MELTED COMPOSITION OF GROUND CoATs 


Ground Melted frit—percentage of oxides — 
coat Boric Sodium Cobalt coeff. of 
no. Feldspar oxide Cryolite oxide Fluorspar oxide expansion 
C-2 60 24 11 0 4 l 0 .0000084 
C-5 60 21 11 3 4 l .0000094 
C-8 60 18 11 6 4 ] .0000 103 
C-11 60 15 11 9 4 1 .0000114 
C-14 60 12 11 12 4 1 .0000124 
C-17 60 9 11 15 4 1 .0000133 
C-20 60 6 11 18 4 1 .0000143 

TABLE II 
MELTED COMPOSITION OF WHITE COVER ENAMELS 

Cover Melted frit—percentage of oxides —. 

enamel Boric Sodium coeff. of 
no. Feldspar Quartz oxide Cryolite oxide Fluorspar expansion 
B-1 50 10 22 12 l 5 0 .0000083 
B-4 60 0 21 12 2 5 -0000092 
B-7 60 0 18 12 5 5 .0000102 
B-10 60 0 15 12 8 5 0000112 
B-13 60 0 12 12 11 5 .0000122 
B-16 60 0 9 12 14 5 -0000132 

B-19 60 0 6 12 17 5 .0000142 
TABLE ITI 
BATcH WEIGHTS OF GROUND COATS 
Batch weights for 100 Ibs. of frit 
Ground Black 
coat Boric Soda Soda cobalt 
no. Feldspar acid Borax Cryolite nitrate ash Fluorspar oxide 

C-2 60 42.5 0 11 0 0 4 1 

C-5 60 37 .2 0 11 5.5 LZ 4 1 

C-8 60 16.2 24.3 11 5.5 0 4 1 

C-11 60 0 41.0 11 6.1 0 4 1 
C-14 60 0 33 .0 11 5.5 7.8 4 1 
C-17 60 0 24.6 11 5.5 5.3 4 1 

20 60 0 16.4 11 5.5 22.7 4 1 


C- 
1 Mayer and Havas. See Sprechsaal, 42, 497; 44, 188, 207, 220. (A list of values 
for the oxides ordinarily used in enameling is given in ‘““Enamels,”’ by R. D. Landrum 
and published by Harshaw, Fuller & Goodwin Co. A partial list is also given in Bureau 
of Standards, Technologic Paper 142.) 


| 


AND PROPERTIES OF ENAMELS FOR SHEET STEEL 1015 


The batch weights for the various enamels are given in Tables III and 
IV. 
TABLE IV 
BATCH WEIGHTS OF WHITE COVER ENAMELS 


Batch weights for 100 Ibs, of frit 
Cover 


enamel Feld- Boric Soda Soda 

No spar Quartz acid Borax Cryolite nitrate ash Fluorspar 
B-1 50 10 39 0 12 2.75 0 5 
B-4 60 0 3¢ .2 0 12 5.50 0 5 
B-7 60 0 20.1 18.2 12 5.50 0 5 
B-10 60 0 3.01 36.3 12 5.50 0 5 
B-13 60 0 0 33 0 12 5.50 6.1 5 
B-16 60 0 0 24.6 12 5.50 13.6 5 
B-19 60 0 0 16.5 12 5.50 21 5 


These enamel ingredients, which it was believed tend to show the great- 
est variations, were analyzed with the following results: 


TABLE V 


Connecticut feldspar Borax Per cent Boric acid Per cent 
Silica 68 .69 Na,O 16.91 55.83 
Alumina 17.57 B2O; 36 56 H;BO; 98 
Potassium oxide 10.20 Cl Trace Insol. Trace 
Sodium oxide 2.70 SO; Trace Cl Trace 
Calcium oxide Trace Na2B,O; 99 65 SO; Trace 
Magnesium oxide Trace 
Loss on ignition 0.44 

99 60 


The raw materials were mixed thoroughly in batches of about 20 pounds 
and smelted in a gas-fired smelter (Fig. 1) having a hearth about 12 inches 
square. The time of smelting averaged about 60 minutes. The batch 
was occasionally stirred to promote quick melting of the charge. 

The enamels were milled in approximately 10 pound batches, with the 


? following mill additions for approximately 7 hours. 
TABLE VI 
Ground coats White cover enamels 
Frit 10 Ibs. Frit 10 Ibs 
.. Magnesium carbonate 0.5% 
Water.... . 


Properties of Enamels 
Expansivity.—Expansivity determinations on the various enamels 
were made by the Expansivity Section of the Bureau. These determina- 
tions were made on the milled enamels as ready for application to the steel 
plates. The method of preparing the enamels and the method of deter- 
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mining the expansivity were as has been described by Danielson and 


Souder. ! 


While the expansivity tests were made over the range 450° to 20°C 


Fic. 1.—Smelter used in melting enamel batches. 


(842° to 68°F), it was found 
that a number of the enamels 
softened at temperatures around 
450°C (842°F), giving erratic 
results, so that the final de- 
terminations were made over 
the temperature range 400° to 


20°C. (752° to 68°F). The 
Bureau’s observed values are 


shown in Tables VII and VIII 
in comparison with the values 
calculated from the theoretical 
composition of the frit as sug- 
gested by Mayer and Havas. 
The comparative expansivities 


of the ground and the cover enamels are shown in Fig. 2. 


TABLE VII 


COEFFICIENT OF EXPANSION OF GROUND COATS 


Ground 


Average coefficient of expansion per 


°C 


coat no. Bureau values Values calcd. from frit compn 
C-2 0 0 .0000084 
C-5 0000093 0000094 
C-8 0000111 0000103 
C-11 .0000117 0000114 
C-14 .0000118 .0000124 
C-17 .0000124 .0000133 
C-20 .0000141 .0000143 
TABLE VIII 
COEFFICIENT OF EXPANSION OF COVER ENAMELS 
ao Average coefficient ef expansion per °C 
enamel no. Bureau values Values caled. from frit compn. 
B-1 0 .0000088 0 .0000083 
B-4 .0000095 .0000092 
B-7 .0000106 .0000102 
B-10 .0000112 .0000112 
B-13 .0000116 .0000122 
B-16 0000123 .0000132 
B-19 .0000135 .0000142 


?R. R. Danielson and W. H. Souder, ‘‘Causes and Control of Fish-Scaling,”’ Jour. 


Amer. Ceram. Soc., 4 [8], 620 (1921). 


| 
| 
+ . 
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In the enamels containing high boric oxide, the observed values are 
higher than the calculated values, while in those containing excess sodium 
oxide the reverse is true. Boric oxide volatilization, of course, has less 
effect on the expansivity values than the volatilization of an equal weight 
of sodium oxide, since the value assigned to the latter by Mayer and Havas 
is one hundred times as great as that for boric oxide. 

The calculated expansivity values are at the best only approximate, 
yet give important relative values. 


Compression Strength of Enamels 


In order to obtain data on the relation of composition to strength of 
the enamels, compression tests were made. For test specimens the melted 
frit was cast in metal 


8-/ 8-4 a7 8/0 are 
cylinders lined with rT 
ON 
asbestos paper. An % | y 
attempt was made to & TT 
| | | | | | | 
mold the enamels con- +--+ ++ +4 4+ + 
taining the mill ad- § 
> | | + Serves | 
ditions, but these were |_| 
so viscous that homo- |_| 
geneous samples could °, | 
not be obtained. & | 
After annealing the | | 
cylinders from 500°C | | 
(932 F) to room tem [ PERCENTAGE OF NapO /N MELTED BATCH | 


perature, they were 
ground to size, about 
1/, inch in diameter by 


C2 cs 


ce cv 


Fic. 2. 


42 139 4 4 


C77 


1 inch in length, and the ends were then surfaced perpendicular to the length. 
The specimens were then tested in a 50,000-pound testing machine. 

During the application of the load up to about 1500 pounds, the deforma- 

tion of the specimens was measured by means of miniature strain gages. 
The results of the tests are given in Tables IX and X. 


TABLE IX 


RESULTS OF COMPRESSION TESTS ON GROUND COATS 
Ultimate compressive strength in Ibs. per sq. inch 


Ground Modulus of elasticity 
coat High value Low value Average (in compression) 
C-2 104,000 73,300 88,650 7,400,000 
C-5 91,200 80,600 85,900 10,000,000 
C-8 103,900 97,500 100,700 10,700,000 
C-11 87,500 77,600 82,500 13,500,000 
C-14 94,400 88,000 92,450 11,100,000 
C-17 82,000 9,500,000 
C-20 82,500 79,200 80,500 8,000,000 
A commercial enamel 96,400 93,700 95,500 9,500,000 


C20 
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RESULTS OF COMPRESSION TESTS OF COVER ENAMELS 


Ultimate compressive strength in Ibs. per sq. inch 


Cover Modulus of elasticity 
enamel High value Low value Average (in compression) 
B-1 72,600 70,500 71,500 7,100,000 
B-4 74,300 65,900 72,900 7,100,000 
B-7 89,000 71,000 83,300 13,000,000 
B-10 91,600 8,700,000 
B-13 114,900 72,600 97,500 10,000,000 
B-16 101,100 70,200 97,600 8,300,000 
B-19 100,000 88,000 98,440 8,300,000 
Acommercialenamel 113,000 77,600 91,740 9,500,000 


The values for the high and the average values are also plotted in Fig. 3, 
and the moduli of compressional elasticity for the various enamels are 


given in Fig. 4. 


The results of these tests in some instances are erratic, due probably 


to structural flaws. 


With the substitution of sodium oxide for boric oxide, the cover enamels 
show an increase in strength, an effect which is not observed in the 


RELATION OF ENAMEL COMPOS/TION 
TO STRENGTH IN COMPRESS/ON 


ULTIMATE BREAKING STRENGTH /N LBS. PER SOQ.IN. 


ground coats. The re- 
sults for the latter are 
too erratic to permit 
of definite conclusions 
as to the effect of such 
substitutions although 
the high values indicate 
a decrease in compres- 
sive strength with so- 
dium oxide. Thus the 


y effect of changes in 
< 4 
| composition on com- 
80,000 Ly 
S| pressive strength of the 

75,000 — 
| | enamels would appear 
70,000 

REPLACEMENT OF BORIC OXIDE 8Y SODIUM OXIDE type of enamel under 

Fic. 3 investigation. 


The modulus of elas- 


ticity increases with replacement of boric oxide by sodium oxide up to 
a certain point beyond which further replacements decrease the values. 
While apparently no conclusions can be drawn as to the relation between 
the modulus of elasticity and other physical properties of an enamel, it is 
interesting to note that the values obtained for these enamels approxi- 
mate those given in various handbooks for the modulus of elasticity 
in tension of glass. 


20,000 
ry \ 
3/ \ 
~ Ge 
90.000 
90,00 


AND PROPERTIES OF ENAMELS FOR SHEET STEEL 1019 


Further reference will be made to the values for ultimate strength of 
the enamels in the discussion of the results of the impact tests on the 
enameled plates. 

Properties of the Enameled Ware Application of Enamels 

The ground coats were applied by the dipping process to S-inch dinner 
plates of 28-gage stock of the 
style shown in Fig. 5. ‘The 
plates were first scaled and 
then pickled in a 5‘ 
of commercial hydrochloric 
acid. ‘They were then dried in 
a gas-heated drier at a temper- 
ature of about 70°C (158°F). 

Following the firing of the 
ground coat, ten plates in each 
ground were then coated with re 
two applications of each cover 
enamel so that specimens having all possible variations in the relation of 
the “‘fit’’ of the ground and cover enamels were obtained. 


RELATION OF ENAANEL "OMA 
TO MOOULYS ¥ ry 


/ONS 


% solution 


MODULUS OF ELASTIC/TV-/N MILL 


Firing of Ware 
The plates were fired in a gas-fired muffle furnace (Fig. 6) with a floor 
22” x 48”. The plates were supported during firing on three-point racks, 
three plates to a load. A thermocouple was placed close to the ware. 


Because of the construction of the furnace and the arrangement of burners 
at the front and rear ends, it 


CROSS SECTION OF PLATE - FOR ENAMEL/NG i : 

was possible to maintain quite 

hi -7§ uniform temperature condi- 
+I 

tons throughout the muffle 

chamber. 
The following ‘Tables XI 
1e following Tables 
Fic. 5. 


and XII give the firing tem- 
perature and time required for the various enamels as well as the appear- 
ance of the enamel after firing: 


TABLE XI 
DATA ON FIRING oF GROUND COATED PLATES 


Ground Temp., Time, 

coat no. °F min. Appearance of ground coat 
C-2 1640 3 Fish-scaled badly—enamel crawled 
C-5 1640 21/¢ Fish-scaled—some crawling 
C-8 1580 2 Slight fish-scaling—no crawling 
C-11 1510 No fish-scaling—satisfactory 
C-14 1510 2'/, No fish-scaling—satisfactory 
C-17 1640 ] Slight crazing—slightly dull 


C-20 1580 1 Badly crazed—dull finish 
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TABLE XII 


DATA ON FIRING OF COVER ENAMELS ON PLATES 


White Temp., Time, 
enamel no. °F sec. Appearance of enamel 

B-1 1615 70 Crawled badly—good white 
B-4 1615 70 Crawled—good white 

B-7 1600 70 Slight crawling—good white 
B-10 1600 60 Satisfactory—medium opacity 
B-13 1600 60 Satisfactory—medium opacity 
B-16 1580 50 Satisfactory—poor opacity 
B-19 1580 45 Crazed and dull—poor opacity 


The decrease of fish-scaling with increase in the expansivity of the ground 
coats from C-2 to C-20 was very marked and gave further conclusive 
evidence of the accuracy of the previous findings in regard to the funda- 
mental cause of fish-scaling.' It is also evident from these studies that 


Fic. 6.—Muffle furnace for firing enameled ware. 


the expansivity can be increased to a point where it is so high as compared 
with that for enameling steel that crazing will occur. 

Excessive additions of boric oxide cause crawling, undoubtedly due to 
the extreme viscosity of these enamels. Substitution of boric oxide for 


1 “Causes and Control of Fish Scaling,’’ loc. cit. 


| © 
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sodium oxide, however, tends to increase the burning range of the enamels. 
This is an important factor to the enameling process because of the rather 
poor heat distribution in the average enameling furnace as well as the 
tendency for thinner portions of a piece of ware to be fired too rapidly. 
These properties of boric oxide have been observed in various types of 
enamels.! 

The substitution of sodium oxide for boric oxide decreased the opacity 
of the enamels and tended to produce a dull matt texture. 


Resistance of Enameled Plates to Impact 


The enameled plates were tested for resistance to impact by a method 
which has been previously used at the Bureau in the tests of commercial 
kitchen ware. In this test, 
the plates were held firmly 
against a heavy board suitably 
fastened on uprights, with the 
bottom of the plate exposed 
to the impact hammer. The 


APPARATUS USED IN (IMPACT TESTS 


apparatus is shown in Fig. 7. 
The. 6-ounce hardened steel 
hammer was allowed to swing 
through arcs of various angles, 
calibrated for blows of definite 
force in foot-pound. The 
initial blow was made at 0.075 
foot-pound and this was in- 
creased 0.025 foot-pound at 


oO 


Coz Los) Hordened 


Stee/ Hommer. 
Oivisions Correspond 
to foot pounds, and 
are egua/ to theeverri- 
ca/ adstonce the ham- 
mer drops,in feet, 
multiplied by the 
we/ght of the hammer 
in pounds. 


- Hard wood backing 
- Stond fastened bose 


or weighted down. 
Triangu/ar base may 
be replaced by heavy 
iron plore. 


- Plate for test with bof- 


tom free to 


each succeeding blow. 

Tests were made on the 
ware at two points. In the © 
first, the impact was by a eo" 
round steel hammer at the cen- <a 
ter of the bottom of the plate. Fic. 7. 

The second impact test was made on the curved edge of the bottom of 
the plate. For this test a rectangular hammer having a rounded striking 
face was used, and the support was tilted so that the force of the impact 
was directed perpendicular to the tangent of the curve. 

Final failure was considered to have occurred in both tests when the 
enamel was fractured over an area at least '/,-inch in diameter opposite 
the point of impact. 


1R. R. Danielson and H. P. Reinecker, ‘‘Wet Process Enamels for Cast Iron,” 
Jour. Amer. Ceram. Soc., 5, 667 (1922). 
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Tests were made on four plates for center impact and the same plates 
were then tested on the curved edge at four points, thus giving an average 
of sixteen tests in the latter case. It was considered advisable to make the 
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large number of tests because of the greater variation in the tests. This 
variation is undoubtedly due to the tendency for the enamel to chip more 
readily if struck a glancing blow. With the type of apparatus employed 


| | 
C-5 
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this cannot always be avoided. However, the large number of tests should 
compensate for variations in the individual results. The results of all 
impact tests are given in Tables XIII to XIX. The average values are 
also shown graphically in Figs. 8 and 9. 


TABLE XIII 


Impact TESTS ON PLATES COATED WITH C-2 GrouND Coat 
Failure at curved edge 


Failure at center of 
in foot-pounds 


Cover plate in foot-pounds 


enamel High Low Average High Low Average 
B-1 0.375 0.325 0 .362 0.300 0.200 0.260 
B-4 350 300 331 300 150 253 
B-7 400 300 350 300 175 207 
B-10 350 275 301 275 125 187 
B-13 350 275 318 275 150 228 
B-16 375 275 306 325 150 248 
B-19 250 125 181 .300 250 273 


Cover 


enamel High Low Average High Low Average 
B-1 0.400 0.325 0.356 0.225 0.200 0.208 
B-4 .400 325 .382 225 175 197 
B-7 350 200 150 179 
B-10 .350 .2295 312 225 .150 189 
B-13 .325 275 306 275 200 212 
B-16 350 .3800 312 225 .125 268 
B-19 275 150 .218 350 300 283 

TABLE XV 
Impact TESTS ON PLATES COATED wiTH C-8 GrouND CoaT 
Failure at center of Failure at curved edge 

Cover plate in foot-pounds in foot-pounds 

enamel High Low Average High Low Average 
B-1 0.375 0.325 0.344 0.275 0.175 0.218 
B-4 .400 325 365 225 150 186 
B-7 .320 250 .200 207 
B-10 .200 315 225 .150 190 
B-13 .300 .275 .320 325 225 242 
B-16 .400 .275 3845 375 200 291 
B-19 .250 .150 .220 275 310 


IMPACT TESTS ON PLATES COATED witH C-5 GrouNpD Coat 


TABLE XIV 


Failure at center of 
plate in foot-pounds 


Failure at curved edge 


in foot-pounds 


A study of the results of the impact test at the center of the plates indi- 
cates that there is a rather definite relation between the relative expan- 
sivity of the ground coat and cover enamels and the resistance of the ware 
to impact. Since the ware is allowed to deflect freely, it is believed that 
this test gives a measure of the adherence of the enamel to the steel. 

While there are some irregularities in the curves, they are undoubtedly 
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Cover 
enamel 


B-1 
B-4 
B-7 
B-10 
B-13 
B-16 
B-19 


Impact TESTS ON PLATES COATED WiTH C-11 GrouND CoaT 


TABLE XVI 


Failure at center of 
plate in foot-pounds 


High 
0.300 
.300 
.320 
.350 
.350 
.350 


325 


Low 
0.225 
.225 
.200 


.250 


200 


Average 
0.265 
.270 
.280 
.820 
.805 
.280 


TABLE XVII 


Failure at curved edge 


High 
0.125 
.150 
.150 
.200 
.250 


275 
275 


in foot-pounds 
Low 


0.100 
.100 
.100 
.125 
.159 
.200 
.200 


Average 
0.111 
.119 
.129 
.156 
.182 
.234 


.262 


Impact TESTS ON ENAMELED PLATES COATED wiItH GROUND Coat C-14 
Failure at curved edge 


Cover 
enamel 


B-1 
B-4 
B-7 
B-10 
B-13 
B-16 
B-19 


Failure at center of 
plate in foot-pounds 


High 
0.300 
.300 
.350 
.375 
.325 
.350 
.850 


Low 
0.225 
.225 
.200 
.250 
.250 
.250 


Average 
0 268 
265 
250 
.312 
.290 
3805 
.3805 


TABLE XVIII 


High 
0.100 
.125 
.150 
.329 


.350 


in foot-pounds 

Low 

0.075 

O75 

O75 

.125 

.125 

.250 


Average 
0.084 
.094 
097 
141 
.157 
275 


309 


Impact TESTS ON ENAMELED PLATES COATED WITH GRoUND Coat C-17 
Failure at curved edge 


Cover 
enamel 


B-1 
B-4 
B-7 
B-10 
B-13 
B-16 
B-19 


Failure at center of 
plate in foot-pounds 


High 
0.525 


Low 
0.350 
.300 
.250 
.300 


.300 


Average 
0.418 
345 
.800 
310 
.320 


TABLE XIX 


High 
0.225 
175 
200 
150 
.125 
.3800 
.300 


in foot-pounds 
Low 


0.125 
125 
125 

.125 
.100 
200 


.225 


Average 


0.189 


Impact TESTS ON ENAMELED PLATES COATED WitH GROUND Coat C-20 
Failure at curved edge 


Cover 
enamel 


B-1 
B-4 
B-7 
B-10 
B-13 
B-16 
B-19 


Failure at center of 
plate in foot-pounds 


High 
0.325 
.3850 
300 
300 


.325 


Low 
0.275 
.225 
.225 
.250 
.250 
.250 


Average 
0.294 
.285 
.255 
.275 
.285 
.275 
.287 


High 

0.100 
125 
.175 
.200 
250 
.3800 
.300 


in foot-pounds 

Low 

0.075 
.100 
.100 
.125 
.200 
.250 


275 


Average 

0.098 
lll 
.132 
.159 
.217 
2560 


.303 


= 
148 
148 
146 
.375 165 
258 
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due to variations in the preparation of the samples. Such factors as thick- 
ness of enamel coating, exact gage of steel, and time and temperature 
of firing of the ware would have a bearing on the results, and because of 
the magnitude and character of the investigation, it was impossible to 
gage these to exactness. However, it may be stated that the ground coats 
with a low coefficient of expansion develop best adherence to the ware 
when covered with a cover enamel of low expansivity, the resistance to 
deflection rapidly decreasing as the coefficient of expansion of the cover 
enamels becomes relatively higher. With ground coats of a medium 
coefficient of expansion, best results are obtained with cover enamels of 
the same expansivity. For ground coats of a high expansivity cover 
enamels of the same high expansion should be used. It is evident from 
the general results that for best adherence of the enamel on three coat 
ware the cover enamel must have the same expansion as the ground 
coat. 

Because of the shape of the plate (see Fig. 5) it is believed that the 
impact on the curved edge will give a measure of the toughness of the 
enamel coating itself, rather than a measure of its adherence to the ware. 
An examination of the curves THERMAL SHOCK TESTS OF ENAMEL PLATES 
showing the results of impact on 
the curved edges, indicates (with 
the exception of the C-2 ground 
coat) a definite increase in the so | os | 
strength of the cover enamels — a 
with substitutions of boric oxide so | so | so | | 6 | 2 | 43 
by sodium oxide. On the other | | 


50 


50 so | so | so | so | so 


® 
hand, it will be noted that the so | so | so | 6 | | 2 | 
best results were obtained with —_ a. 
the ground coats high in boric ©#| 5° | se | se Bs Baal See | 2 
oxide. 
With increase in sodium oxide °*| °° | | 
these ground coats appeared to | e 
decrease in compressive strength, °° | °° | | * | 
strength increased. Foire ro 50 Enamel Cracked 


The results of the compression 
teSts of the enamel cylinders and 
the impact test on the curved edges seem to bear some relation to each other. 
It would appear that the resistance to impact on a curved edge not free 
to deflect is essentially a question of toughness of the enamel rather than 
of its adherence to the steel. However, it is assumed that of two enamels 
having the same inherent properties, the one giving best adherence to the 
metal will best withstand impact of this type. 


Fic. 10. 
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Resistance of Enameled Plates to Thermal Shock 


Two methods of testing the plates for resistance to thermal shock were 
employed. The first was a quenching test in which the plates were placed 
in an oven, maintained at a temperature of 175°C (347°F) and allowed to 
remain 15 minutes, then withdrawn and plunged into water at a tempera- 
ture of 28°C (82°F). The test was repeated up to 50 quenchings unless 
failure occurred. ‘The results of the quenching tests are shown in Fig. 10, 
and these are also shown graphically in comparison with the expansion 
of the enamels in Fig. 11. 

The second method was a boiling test. The plates were so placed on 
a tripod that they were supported only on the rim. Cold water was then 


placed in them to a 
RESISTANCE OF WARE TO THERMAL SHOCK 
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® 


Quenching From 175°C Jo 28°C 
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A. 


59, 


0000/40 


O000/135 


depth of one-half inch 
and a bunsen burner 
flame placed under the 
center of the plate. 
The flame was regu- 
lated so that the total 
flame height was 12 


8-13 inches with a cone 
8-10 height 4 inches under 
ee a gas pressure of about 
2.5 inches of water. 

The water was allowed 

000009 to come to boiling. 
The plate was then re- 
fe cw oooo0es moved and examined 

for cracking or chip- 

8 8 ping of the enamel, 


COEFFICIENT OF EXPANSION FOR GROUND COATS either being consid- 

Fic. 11. ered as grounds for 

rejection of the 

enamel. ‘The test was repeated five times unless failure took place before. 

The results of the test are shown in Fig. 12 and these have been plotted ac- 
co-ding to the expansion of the enamels in Fig. 13. 

The diagonal line in Figs. 10 and 12 may be designated as the fit line; 
that is, any plate coated with enamel whose coefficients of expansion for 
ground coat and cover were equal would be placed on this line. Likewise, 
any intersection below this line will represent a plate on which the expan- 
sion of the ground coat is higher than that of the cover enamel; and, con- 
versely, any intersection above the line represents a plate on which the 
ground coat coefficient of expansion is lower than that of the cover enamel. 


| 
> 
Numbers at cir | J 
| 
| 
| 
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There seems to be very close agreement between the results of the two 
methods of test for thermal shock. Results of the boiling test as given 
in Fig. 12 show no complete 

RESULTS OF THERMAL SHOCK TESTS 
failure of the ware below the ‘‘fit Goring Test OF Enameled Piates) 
line.’ One or two enamels | 

| OK 
close to the line developed fine 
cracks and it must be remem- 
| | 
4 
| 


c-20 OA OA 


bered. that the cover enamels = = 
B-16 and B-19 showed pro- on | ox | 


tested. All failures in this test cw] | | on | ox | c 
| | 
tions above the “‘fit line,” that | | on | F F 
is, on plates coated with a cover — | | preeeens 
| 
enamel having a higher expan- | | | F | F F F 
sivity than that of the ground — 1 | — 
c-2 | OK | OK OK F 
coat. 
OA -No failure C-£name/ crazed flaked 
Plates to Acetic Acid 
Fic. 12. 


A one per cent (by volume) 
acetic acid solution was placed on the plates and then removed at five 
minute intervals for examination of the enamel. 

Cover Enamels B-1 to 10 did not show indications of attack until they 


RESISTANCE OF WARE TO THERMAL SHOCK had been tested 20 
Bosling Water Test 


0000/40 


y minutes. They then 
A developed a slight loss 

38-19 
of gloss. Enamel B- 


0000/30 
| |S | 13, however, showed 


x 
Y this same loss of gloss 
> — Uns same loss of gloss 
. : 000180 at the end of ten 
@s-3 minutes and enamels 
3 © s-0 B-16 and B-19 at the 
8 .0000//0 f fi t 
end of ive ‘minu es 
|| Ihe action did not ex- 
«0000/00 | tend beyond loss of 
© e-2 gloss for enamels B-1 
ae 4 to 13 after SO minutes’ 
oo000es 2 cls Cc ¥ exposure whereas 
> 
§§ $ F< enamels B-16 and 19 
8 s § § § § 8 8 
8 8 8 8 showed distinct chalk- 
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Fic. 13. that in this type of 
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cover enamel the replacement of boric oxide by sodium oxide tended to 
lower the acid resistance of the enamel. 


Conclusions 


In presenting the conclusions of this work, it must be borne in mind that 
the nature of the investigation made it advisable to use a series of enamels 
not necessarily of a commercial type. However, it is believed that funda- 
mental data on the relations existing between enamel composition and 
properties of the enamel have been determined. 

1. Replacement of boric oxide by sodium oxide increases the coeffi- 
cient of expansion of these enamels. While this is in accordance with the 
findings of Mayer and Havas, it is well to emphasize that too much value 
should not be placed on the calculated coefficient of expansion of the 
theoretical enamel composition. The latter is apt to vary with time of 
smelting and other variables so that only very approximate values can be 
obtained by the use of the Mayer and Havas tables. 

2. ‘The compressive strength of these ground coat enamels appeared 
to decrease with the replacement of boric oxide by sodium oxide, while 
the reverse was true for the cover enamels. It is evident that effect of 
variations in composition on the strength of an enamel can only be ex- 
pressed in terms of a definite enamel composition. 

3. Impact on the parts of enameled ware free to deflect appears to 
give a measure of the adherence of the enamel to the metal. For best 
adherence a cover coat having the same expansion as the ground coat 
should be used. 

4. Impact on the parts of enameled ware not free to deflect, such as 
the curved corners at the bottom, gives a measure of the toughness of the 
enamel. ‘The resistance of the enamel on corners to impact apparently 
is a function of the inherent strength of the enamel rather than its ‘‘fit’’ 
on the ware. 

5. For greatest resistance to thermal shock, the ware should be coated 
with a ground coat having a coefficient of expansion equal to or preferably 
greater than that for the cover enamel. 

6. Itis apparent from the results of this work, that the effect of sodium 
and boric oxides on acid resistance varies with the type of enamel under 
investigation. For these particular cover enamels, resistance to acids 
decreased with replacements of boric oxide by sodium oxide. 


Summary 


It is evident that the correction of one defect in an enamel may mean 
the introduction of others. It is possible in spite of these limitations to 
develop enamels which are satisfactory for all reasonable service. ‘The 
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fundamentals established in this investigation, while not based on enamels 
of a commercial type, will aid those interested in correcting defects of a 
F particular enamel and in developing enamels of more desirable properties. 


Nore: The authors are indebted to W. H. Souder and Peter Hidnert for the ex 
pansivity determinations, to C. F. Aitchison for the results of the compression tests, 
and to T. D. Hartshorn and E. M. Saeger for the vast amount of work involved in the 
preparation and testing of the enamels. This investigation represents the work of five 
investigators over a period of about six months, during which time about 300 pounds 
of enamels were prepared and some 600 dinner plates were enameled and tested, in addi- 
tion to the miscéllaneous tests conducted on the various enamels. 
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AN ELECTRIC FURNACE FOR VITREOUS ENAMELING! 


By SCHWIER 
ABSTRACT 


An electric furnace for vitreous enameling built with round wire coils placed in top, 
bottom and both sides. The furnace is equipped with a double loading fork and some 


cost data are given. 


The electric furnace has come into the enameling industry and un- 
doubtedly has come to stay. The object of this paper is to show that the 
type of furnace installed in the Mansfield Vitreous Enameling Co., by the 
Westinghouse Electric & Manufacturing Co., can be operated successfully 
and economically except possibly in some remote localities where power 
facilities are such that interrupted service and cost of power render its 
use prohibitive. Where the power cost is average, say 1.5 cents per kilo- 
watt hour, the unit cost of ware from the electric furnace will compare 
favorably with that of an oil-fired clay muffle. In localities where the 
power cost is low, as in those served by hydro-electric plants, the furnace 
will produce vitreous enameled ware at a lower cost than will an oil-fired 
furnace. ‘The cleanliness, compactness and convenience of operation will 
be apparent after a description of this furnace is given. 

This furnace is the heavy duty industrial radiant type, that is, all of 
the heating elements except those on the bottom are exposed. 

The inside dimensions are 48 inches wide, 10 feet 20 inches long, 
13!/2 inches high to spring line of arch and 17'/2 inches high to the top of 
the arch. ‘The type of ware to be burned will, of course, determine these 
dimensions. ‘Together with the control instruments and panels the fur- 
nace requires 169 square feet of floor space. The charging device occupies 
a floor space of 216 square feet directly in front of the furnace and the 
fork protrudes from the center of this for 11 feet more. The fork is 26 
inches wide. 

This furnace is of the brick-buckstay type of construction built up from 
the floor to the heating chamber with 13'/2 inches of highly efficient in- 
sulating brick. The walls are built of similar material and are 16 inches 
thick to the heating chamber. The roof is made of granular insulating 
material and is 16 inches thick to the heating chamber. The heating 
chamber itself is made of 5-inch thick fire brick, the inside of which is 
corrugated so as to permit the heating coils and coil supports to fit into 
the wall instead of protruding into the furnace chamber. A vestibule 
forms the first 20 inches of the chamber and was built in to minimize the 
door losses. ‘There remains an actual grate area of 40 square feet. ‘The 
whole furnace is encased in '/,-inch boiler plate and held tight with buck- 
stays. During operation, this boiler plate becomes barely warm so it 
is evident that the insulation is very effective. 

1 Presented before the Enamel Division, Pittsburgh Meeting, Feb., 1923. 
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Two weeks were required to build the furnace after all material was 
on the ground. 

The door has a structural steel frame, is filled with insulating brick 
and is faced on the inside with granular insulating material. It is held 
snugly against the furnace and being raised and lowered in a perfectly 
vertical plane by an air cylinder and piston, the dust usually caused by 
scraping doors is eliminated without sacrificing heat lost by radiation. 
As the door is very evenly counter-balanced the operator, simply by press- 
ing a lever, can manipulate it with quite the same degree of-dexterity as 
if it were of the old type with the handle. This arrangement minimizes 
the physical exertion of the workman which makes it highly desirable, 
particularly in warm weather, because the furnace will average from 
18 to 23 loads per hour. When the furnace is idle there is very little heat 
- lost anywhere by radiation and hence the power required to maintain a 
constant temperature at no load is cut to a minimum. 

All of the heating elements are made of No. 1 B & S gage chromel 
“A” round wire, approximately 80° nickel and 20% chromium, and are 
coiled so that the strands are one inch apart. ‘The whole coil is 8 inches 
wide and 5 feet long. ‘There are 24 elements in all: 10 on top, 10 on the 
bottom and 2 on each side. ‘They are made with butt weld terminals 
and all are interchangeable. The coils being made of round wire, expose 
the least surface possible so that oxidation is cut to a minimum. 

The terminals are made of 000 B & S gage round wire because by thus 
increasing their size the current density through the wire passing through 
the walls is reduced enough to keep the temperature of the terminal well 
below that of the coil. In this way, too, the heat lost by the terminals 
passing through the walls is reduced. All terminals are connected by 
solderless connectors which are protected from contact with workmen by 
perforated metal guards. 

The danger of short circuiting the coils by touching them with ware 
from the inside of the furnace is eliminated due to the corrugations in 
the fire-brick lining into which the coils fit. These corrugations act both 
as reflectors and radiators of the heat as well as insulators. 

Small fiber-brick ledges are placed among the coils on the floor and are 
covered over with close fitting cast plates of non-oxidizing metal so that 
there is no weight directly on the heating elements. ‘Two long resting 
bars of the same material as the floor plates, weighing 104 pounds each, 
are placed from the vestibule to the rear of the furnace to support the racks. 

The furnace operates on 60 cycles, 3 phase, 220 volts; voltage regula- 
tion being obtained by the use of ‘auto-transformers. Its normal input 
is 165 kilowatts. The 24 heating coils are divided into two control groups, 
one of which covers the front half of the furnace and the other, the rear 
half. The coils are connected as previously described, so that four of 
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them are in series in each of the three phases. ‘There is a balanced load 
on each phase. If greatly different types of ware are to be burned, any 
heat condition required can be obtained by simply changing the voltage 
through the taps of the auto-transformers. The input in the front group 
is slightly greater than that in the rear to compensate somewhat for the 
door losses. 

A pyrometer is placed 24 inches behind the door and inserted through the 
roof and is connected to a controlling recording instrument which controls 
the temperature of the front group. Another pyrometer is inserted through 
the rear wall and is connected with a controlling indicating instrument, 
which controls the temperature of the rear group. A portable recording 
pyrometer was placed temporarily in the middle of the furnace through the 
roof so that it was possible to get temperature records of the front, center 
and rear of the furnace during operation. ‘The instrument in the front 
group records every two seconds while the one in the center records every 
10 seconds. As a result, the absolute temperature changes are shown. 
These instruments were checked with less sensitive instruments on our 
oil-fired furnaces with results to be read later. By giving the instruments 
a little weekly attention, no trouble has been experienced from them. 

As we see the problem of obtaining the maximum continuous production 
there are two choices as to loading equipment. The double end furnace 
is another choice which will not be considered here. ‘The devices referred 
to for operating a single end furnace entail the use either of two pronged 
forks with supporting racks permanently placed in the furnace, or two 
sets of burning racks and one ordinary fork. 

The first device is an arrangement whereby a portable carriage is fitted 
with two sets of tracks similar to those ordinarily used for a single fork. 
On each of these tracks is mounted a fork with some six or eight prongs 
about 4 inches apart and fitted with low points. The number of prongs 
and their spacing depend on the size of the furnace and the type of ware 
to be run. Inside the furnace there are as many resting bars plus one, 
as there are prongs on the fork, and they are spaced the same. ‘These 
run the depth of the furnace and are also fitted with short points. In 
operation, ware is placed on the fork prongs of one fork, is inserted into 
the furnace, dropped on the pointed resting bars, and the fork is removed. 
As soon as one load is finished it is taken out and moved, fork and all, 
to one side, thus bringing the loaded second fork to the door opening. The 

-first fork is unloaded and loaded again and is ready to go back into the 
furnace as soon as No. 2 comes out. ‘This arrangement is ideal for large 
ware or any ware where there is no danger of losing pieces between the 
prong spaces. It can be used for small ware by simply placing the ordinary 
burning racks on each fork. In this way maximum production can be ob- 
tained on small ware as well as large ware at the expense of keeping a 
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set of racks continually in the fire. When no burning racks are used the 
number of heats per hour is obviously increased and on account of the de- 
creased heat demand thus effected, a better temperature can be main- 
tained at a lesser power consumption. If there is, however, any con- 
siderable warpage of the racks due to temperature changes when the 
door is opened, the prongs may not fit and production is stopped until 
they are straightened. This detail could undoubtedly be overcome by 
making the resting bars of sections about 2 feet long. The carriage support- 
ing the forks may operate either on the floor or on tracks overhead. 

The second device is the one in use in our plant. It consists of two sets 
of tracks mounted on a carriage which moves back and forth on floor 
tracks in front of the furnace. These tracks on the carriage each support 
a set of the usual burning racks consisting of five links and six to eight 
rows of points. One fork is used. As one set of racks is loaded it is moved 
in front of the furnace door, the fork is raised, the load inserted, and the 
fork is lowered and withdrawn. ‘The two resting bars previously men- 
tioned in the furnaces are sufficient to support the racks. When that 
load is burned, it is withdrawn and moved to one side while the other one 
is inserted. This alternately loading and heating arrangement affords 
continuous operation with only a few seconds loss between heats. The 
ware may be so small as to require the full heating interval for unloading 
and reloading without reducing the square feet per hour produced. The 
defects of this system are: (a) Whereas excellent production can be main- 
tained on small ware, the number of loads per hour on large pieces is not 
much greater. (b) Considerable heat is lost from racks by radiation re- 
sulting in a great heat requirement from the furnace at each load. (c) 
The fork is a little slower than those on our oil-fired furnaces. 

This system requires three men to work it and averages 50° more pro- 
duction than our best oil-fired furnace. We are installing brakes for the 
fork and carriage and so expect to speed the fork operation considerably. 
Our work consists chiefly of stove parts and, therefore, a large percentage 
of it is small ware. All of it must be well supported on account of the 
subsequent assembling. For this reason, we are necessarily carrying a 
considerable weight of rack and are asking the furnace to raise the tem- 
perature of these racks some 500° at each heat. It will be seen then, 
that the type of ware to be burned will determine largely the type of 
loading apparatus. 

Operation data will be given in kilowatt hours and percentages rather 
than in money per unit work because different localities have different 
power rates and because we feel that a longer period of operation than that 
over which our data was taken is necessary to obtain accurate data on 
maintenance, depreciation, and other such items which must be con- 
sidered in the ultimate cost calculation. 
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Our electric furnace of 40 square feet grate area gave us 60% more 
production than did an oil fired clay muffle of 39 square feet grate area. 
These furnaces burned the same type of ware throughout the month and 
their production was based on square feet per working hour. During this 
period the oil furnace lost 4*/, hours waiting for proper heat and the electric 
furnace lost */, hour when a blown fuse went unnoticed long enough to 
allow the temperature to be pulled down. Accurate temperature control 
was possible at all times as will be shown by the recording chart. 

The average power consumption per hour was 114 kilowatt hours. A 
power factor correction estimated at 15% will be allowed us as soon as 
the power factor is accurately determined. Weight of racks per heat 
was 126'/2 pounds to 159'/, pounds depending on the type of ware burned. 
Loads per hour ranged from 18 to 23 also depending on the gage and type of 
ware burned. A ten second recording instrument actuated by a thermo- 
couple in the rear of the furnace showed a 10° greater variation 
each heat in the oil furnace than in the electric furnace on identical ware. 
The temperature variation two feet in rear of the electric furnace door 
was 80°. This data on the oil furnace will be available as soon as we 
receive a porcelain protecting tube so that a thermocouple may be in- 
serted through the heating chamber into the muffle at this point. 

In lighting off each week after our usual week-end shutdown, it is our 
practice to have a man come in ten hours previous to the time when the 
furnace is to go to work. During this time he lights the burners, fires 
the boiler which heats the oil and sees that all auxiliary equipment runs 
smoothly. He receives time and a half pay on Sundays. Three hours 
before the electric furnace is to go to work he pushes two buttons on it 
and then resumes his other work. No labor can be charged to the electric 
furnace for lighting off. The furnace is so well insulated that the temper- 
ature falls barely 350 degrees in 24 hours. It responds so quickly then 
that only 30 to 45 minutes are required to raise the temperature 500°. 
We allow our furnace to saturate at 1700°F for the balance of three hours 
so that its walls become thoroughly heated and it is easier to maintain a 
desired temperature. The power required during a three hour lighting 
off period after a shutdown of 21 hours averaged 210 kilowatt hours. After 
the furnace becomes saturated, only 17.2 kilowatt hours per hour are 
required to maintain a temperature of 1600° and 18.3 kilowatt hours per 
hour to maintain a temperature of 1700°. This data was taken over 
periods of at least 12 hours. 

We have found that the quality of ware produced by the electric furnace 
is of the highest, due to absence of gases and to accurate temperature 
control. The furnace has given us a high production per unit floor space 
of burning department and has given us this production without inter- 
ruption. Our maintenance crew has not touched it except to replace 


te 
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two or three fuses. At a power cost of 1.46 cents per kilowatt hour our 
unit cost of production has remained the same as when only oil fired fur- 
naces were used with oil at 6'/, cents per gallon. 


MANSFIELD, OHIO 


Discussion 


C. SCHWIER :— Power is wholesaled on a sliding scale depending on the 
quantity consumed, that is, the more power used, the less is the unit cost. 
As our plant is purely an enameling plant, the total power consumed even 
with the electric furnace, is relatively small, thus putting us in the highest 
charge class and making our cost per kilowatt hour 1'/» cents. 

B. T. SwEELY (Chairman):—Do I understand that there are coils in 
the arch as well as in the floor? 

C. SCHWIER:—Yes. 

F. G. JAEGER:—-How much space is required for trackage on each side 
of the furnace? 

C. ScHwiER:—-About four feet. 

F. G. JAEGER:—Operators unload from both sides? 

C. SCHWIER:—Yes. The space for unloading is about four feet wider 
than on an ordinary furnace. 

B. ‘T. SwEELY:—-What were the degrees of temperature indicated on 
the chart? 

C. ScHWIER:—This was 1600°F and this variation 100°F. The drop 
in temperature seldom was more than 100°F. 

B. T. SWEELY:—Was this taken in the crown of the furnace? 

C. ScHWIER:—This was taken in the center of the crown about two 
feet from the door. 

R. D. WeLts:—I should like to ask Mr. Schwier if he has any chart 
showing the power input. I understand input while the power heating 
up the furnace is 120 kw. What is the power input when a new load 
has been put in? . 

C. ScHWIER:—This cannot be calculated at every heat because a load 
may be inserted and withdrawn without throwing in both contacts when 
enough stored heat is present to burn the ware. We take our data over 
a period oi an hour in order to compensate for full load and no load 
periods in the furnace operation. ‘The maximum load obtainable is 157 


kilowatt hours. 

R. D. WELLS:—When either of your contacts is out? 

C. ScHwIER:—If both contacts are in, the consumption is 157 kilowatt 
hours. If one is out, the consumption is only half that. 

V. A. Hain:—That brings up a very important point in proper electric 
furnace operation. All electric furnaces are designed to take care of 
certain production per hour, figured in either square feet per hour or pounds 
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per hour. That is, the furnace is equipped with electric heating elements 
of sufficient capacity to heat the tonnage specified to the temperature 
specified in the time specified. 

The furnace is equipped with automatic temperature control, so that 
in case a smaller amount of work is to be put through the furnace less 
power would be required to do the heating; the automatic temperature 
control automatically allows just the right amount of electrical energy 
to go into the furnace to raise this quantity of work to the proper temper- 
ature, which means that the current is off of the furnace a portion of the 
time when the furnace is handling less than full load. 

Any piece of apparatus is working at its maximum efficiency when it is 
operating the full load for which it is designed—in the operation of 
electric furnaces this is particularly true on account of the fact that one 
of the factors which determines the cost of current is the percentage of 
the time that the current is on the furnace, compared to the total time 
that the furnace is in operation, the lowest rate being obtained when the 
current is on the furnace 100% of the time. So, the more efficient 
operation for an electric furnace is to load it so heavily that the current 
is never automatically thrown off. 

C. ScHWIER:—Regardless of how the furnace is hooked up it will, at 
some periods of the month, require a maximum temperature and a maxi- 
mum power input. The demand charge would be the same in either 
case because it is calculated from the peak load for a fifteen minute period. 

H. H. Ciark:—Do you know what the power consumed per square 
foot will be? 

V. A. Hatn:—It is very unwise to make a general economy statement, 
not only on an electric furnace, but on any other kind of a furnace; such 
as kilowatt hours consumed per square foot or the kilowatt hours consumed 
per pound of material passing through it. 

This figure changes with every furnace installation and the only logical 
position to take on a question of this kind is that this figure must be ob- 
tained for any particular furnace installation when the various conditions 
which go to make up this economy figure are known, such as the size of 
the furnace, the amount of work passing through it, the temperature to 
which it is held, etc. Any general figure of this kind is always misleading, 
and should not be given. 

C. ScHWIER:—I gave you our figures at the time the ware was burned. 

V. A. Hatn:—The figure which you gave could be very easily misinter- 
preted, unless full explanations accompanied it, giving the furnace opera- 
tion upon which it was obtained. A general economy such as this could 
not be universally applied to any class of work. 

F. S. RoBerts:—What is the actual cost of running a furnace at 1500° 
on eighteen-gage iron? 
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C. ScHWIER:—I cannot give that figure because we have not run much 
18-gage ware in the electric furnace. 

W. R. GREER:—Can you increase your heat immediately by increasing 
the kilowatt input or must you allow the furnace to stand idle in order to 
allow the heat to soak up to required temperature? 

C. ScHWIER:—If we were running finished ware and wanted to burn 
ground coat immediately, more energy would be required. We can raise 
the temperature while burning by changing the input at the autotrans- 
former. 

L. W. MANION :—I think we are all familiar with the class of work done 
in this field. I believe there has been a bill rendered. Mr. Schwier has 
taken a twenty-four hour period. I should like to know what the cost 
would be in two weeks or a month. 

C. ScHWIER :—We are so situated that we have to pay the high rate, 
1'/, cents per kilowatt hour. Based on 475 square feet per hour produc- 
tion, we produced about three square feet per kilowatt hour. The pro- 
duction was about 240,000 square feet on that furnace per month. 

L. W. Manion:—I am not very familiar with electricity. What is 
the actual cost? How much money did it cost you? 

C. ScHWIER:—You multiply 157 by 24 by the number of days in the 
month and you get the maximum power consumption in kilowatt hours. 
Multiply this by .0150 to get cost when operating at continuous full load. 

The maximum demand is shown on our bill as 140 kilowatt hours. I 
am taking 600 hours as the time during which the furnace was in opera- 
tion during the month. I multiply these by 157, the hourly power con- 
sumption and then by .0146 and our bill will be $1,224.00 for 240,000 
sq. ft. A great saving is made in the cost of lighting off. Based on fuel 
per square foot the oil furnace will be considerably less than the cost 
of operating this furnace. Other expenses compensate for this difference, 
however. The reason I did not give actual dollars and cents figures was 
that I did not use the lighting off and other maintenance data. 

F. G. RoBERTS:—This gives an average of .0148 per square foot. 

B. T. SWEELY:—This gives us about '/. of a cent a foot for fuel cost. 
This was divided by three to get each cost. 

R. E. ARNOLD:—Where do you take the temperature measure? 

C. SCHWIER:—We set two groups of instruments, one at the front end 
and one at the rear. We have a thermocouple two feet from the door of 
the furnace and another at the rear. They record every two seconds. 
We also had one in the center of the furnace that recorded every ten sec- 
onds, so we had a record of the absolute temperature changes. 

V. A. Hatin:—Temperature charts such as you have seen are of very 
great value to enable an operator to analyze the working of his furnace 
equipment, as from it such items as lost time, loading time, burning time, 
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etc., can be quickly and accurately determined, and from such a chart 
the production of a burning crew can be held up to a high figure. 

On the other hand such a chart may be the cause of misapprehension 
particularly if the temperatures indicated are taken to mean furnace 
temperatures. Whether or not the indications on these meters are furnace 
temperatures depends on where the thermocouple is located. At the inside 
wall of the furnace it will indicate closer to furnace temperature than if 
the thermocouple is extended well into the chamber of the furnace, be- 
‘ause in this latter case the thermocouple is near the cold work as it is intro- 
duced, and the temperature which the instrument reads is always the tem- 
perature at the end of the thermocouple, which would be considerably lower 
than furnace temperature immediately after the introduction of cold work. 

H. H. CLARK:—As I understand it the cost is fifty cents each hundred 
feet, or three times your figure (.14 plus) for one coat. 

Mr. FREEMAN:—How does that compare with your oil furnace? 

C. ScHwiER:—For an oil furnace we burn about 250 sq. ft. per hour 
at a cost of .0025 per sq. ft. for fuel only. 

R. TurK:—What is the cost of this furnace? 

C. SCHWIER:—The cost, including the transformer, is about $9,000. 

B. ‘T. Swee_y:—Did your figures include the furnace overhead? Are 
those figures what it actually would cost, or is there still a furnace overhead ? 

C. ScHwiER:—The overhead of the furnace during the time we have 
worked it, is practically nothing. 

B. T. SWEELY:—Would it be fair to compare the two fuel costs? 

C. ScHWIER:—It would not. 

B. T. SwEELY:—In other words, in the oil furnace you must add the 
cost of the furnace overhead, but in the electric you do not. 

C. ScuwikR:—That is right. 

H. F. STaLey:—According to my figures it costs S6 cents for one coat. 
Our figures on an oil furnace are about one dollar per day, that is about 
$500 per year. 

B. ‘T. SWEELY:—Mr. Roadhouse, was this your figure on the inter- 
mittent furnace? 

R. ROADHOUSE :—I do not think our furnace overhead would amount 
to $300 in three years. 

H. F. Statey:—How much did you estimate your upkeep on muffle 
furnaces? 

R. RoapHousE:—About $500 per year upkeep. 

H. F. StaLey :—In other words, we must add twenty-one cents per square 
foot for upkeep. I am allowing $500 a year to keep up a clear muffler. 
But you lose some time. 

I. D. BripGeE:—Those things go to pieces in a short period of time. 

C. SCHWIER:—Mr. Manion relined the clay muffle used in my compar- 
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ison on June 8, 1922. On January 15, 1923 we had to put in a new bottom 
with carborundum piers. This work alone cost more than $500. In 
our overhead we must count the cost of operating oil auxiliaries, cost of 
oil storage, cost of lighting off furnaces and general maintenance to say 
nothing of the ten days production lost while rebuilding the muffle. 

R. A. WEAVER:—I visited an installation of a furnace at Shakopee. 
They have a Hagan electric furnace. Their power cost the second month 
was slightly over $2,000. They were highly pleased with the work, but 
they felt that the cost was too high. I was talking with a gentleman 
who has a muffle furnace who was buying his power. 

V. A. Harn:—I am very familiar with the Shakopee installation, and I 
know any figures obtained at this time are not fair indications of electric 
furnace operation. In the first place this one electric furnace, at the pres- 
ent time is doing the work of two combustion muffle furnaces, and the 
electric furnace is only being worked at a fraction of its capacity. It 
could easily turn out over double its present tonnage. 

The operating cost of this furnace, which you have just heard is based 
on current at a very high rate for electric furnace operation, namely 
3.8 cents per kilowatt hour. The user and the power company are nego- 
tiating at the present time for a reduction of rate on this furnace but aside 
from this, the cost of operation of this furnace is very comparable to the 
cost of muffle fired furnaces when figured on a tonnage basis. 

Mr. Scotr:—I do not know about the operating cost of furnaces, but 
I do know about the principles of electric power cost. In any industrial 
plant where electric power is used, the power depends upon two figures, 
the actual energy consumed and the kilowatt demand of the apparatus. 
Whether or not they are doing any producing they have a demand charge 
to pay. Obviously if they have a very low production, the direct charge 
becomes very high in comparison with other forms of power. In the use 
of electric furnaces or electric motors they should be operated at somewhere 
near their full capacity in order to get the full value of the power in pro- 
duction. 

R. E. ARNOLD:—Would it be possible toapply the same control as in a 
gas-fired furnace? 

C. SCHWIER:—I do not see why it could not be. 

R. E. ARNOLD:—Have you or any one else done any work in that line? 

C. SCHWIER:—It is done on low temperature japanning ovens. 

Mr. Clark, can any other fuel than gas be used in intermittent gas- 
fired furnace? 

H. H. CLarK:—No. 

C. SCHWIER:—Then in the majority of smaller towns and even in Cleve- 
land where a constant year round supply of gas is not guaranteed, such 
an installation would be highly impracticable or at best a gamble. 


GLASS DECORATORS’ PALETTE AND ITS PREPARATION 


By THEODORE LENCHNER 
Introduction 


Glass may be decorated by use of a color palette or by cutting, etching, 
engraving or chipping. Low cost glass wares are sometimes decorated 
with oil paints, the coloring being organic and the decoration not fixed by 
firing. We will take up only the color palette of glass decorators made 
with inorganic colors and fixed by firing. 

The decorators’ coloring materials may be classified into vitrifiable 
colors (transparent and opaque), stains, gilding and lusters. 

Although the materials and methods used in overglaze decorating of 
pottery and porcelain are similar to those used on glass, the decoratirg of 
pottery will not be considered in this series.' 


Vitrifiable Colors 


The manufacture of vitrifiable colors is a highly developed art, espe- 
cially in foreign countries. In this country their manufacture is compara- 
tively new, but much progress has been made due to the development in 
chemical science and the increasing control of the raw materials. In fact, 
certain types of colors manufactured here are superior to those manu- 
factured abroad. 


Composition and Preparation 


Vitrifiable colors for either glass or pottery are composed of two dis- 
tinctive parts: the colorant and the flux. The colorant, because of the 
protracted firing to which these colors must be subjected, consists largely 
of calcines of metallic oxides, or salts of metals, with clay, flint, zinc, 
oxide or other non-coloring materials. A typical formula of such a stain 
is 50% alumina, 5% zinc oxide and 45% cobalt. The flux is an easily 
fusible glass such as 

60 parts Red Lead 
30 parts Boric Acid 
10 parts Silica. 


' Considerable training and experience is necessary to qualify asa master decorator, 
and in this country too few have taken up this work. It is hoped that in the near 
future, through the untiring efforts of the Art Division of the AMERICAN CERAMIC 
Socigety, a keener interest will be created in the artistic and decorative develop- 
ment of our ceramic products, and the writer believes wonderful work is being done 
along this line. When that interest is developed, we shall have many more decorators, 
not only capable of applying these colors, but also creating designs with greater artistic 
expression, and this in turn will develop the greater use of vitrifiable colors. 
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This is thoroughly melted in a crucible and poured into water; then finally 
ground in a pebble mill. Besides being the medium for fusing the colorant 
to the glass, the flux assists through chemical influence in producing dif- 
ferent colors and tints with the same colorant. 

A great variety of fluxes are made, their composition depending upon the 
character of the colorant to be used, the degree of fusibility desired, and 
the ratio of contraction and expansion of the glass ware upon which the 
colorsare to be fired. 

In the manufacture of the highest grade of colors, the color stain and flux 
are fused or melted together. ‘These melts are then very carefully ground 
with water or oil to a very fine or impalpable mass. 

In some cases the color stain and flux are merely mechanically mixed 
by grinding together. 

Shades or tints of colors can be produced in a variety of ways. The 
ancients were experts in mixing colors, for the ancient decorative glass 
wares which have been unearthed show a variety and wealth of color, 
some of which have not been reproduced. 

The physical properties of these fluxes are not materially affected by the 
added colorant, owing to the small amount of stain added. The color 
produced, however, depends largely on the composition of the flux and 
atmospheric condition of the furnace. 

The metals employed to produce specific colors are as follows: 


Blacks-Violets 
Chromium.........................  Greens-Oranges-Yellows 


Opaqueness may be increased or decreased by varying the percentage 
of colorant used, or by using white or translucent flux. The so-called 
matt (dull) colors may be obtained by the use of a more refractory flux. 


Enamels 


Other types of vitrifiable colors used in glass decorating besides the regu- 
lar decorative color palette are enamels, ices, stains, gold and silver 
preparations, and lusters. 

Enamels contain certain amounts of opacifying chemicals, such as tin 
and zine, a typical formula for which would be as follows: 

60 parts Red Lead 30 parts Silica 
20 parts Fused Borax 15 parts Zine Oxide. 


| 
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They are treated same as a flux. 

The white enamel is most commonly used in decorating lighting goods 
glass ware, where a translucent or nearly opaque effect is desired. The 
thickness with which these enamels are applied determines the degree of 
opaqueness. ‘The enamels are also used with a colorant where a relief 
decoration is required. 


Ices 


Ices are vitrifiable colors which, instead of being finely ground in a mill, 
are subject to a crushing process after which they are graded into different 
sizes of particles. Ices produce a very interesting rough surface effect. 
This type of decoration was formerly much used in lighting goods, but is 
now being used in decorating tumblers. 


Application 


‘The colors used on glass are fused onto the glass surface, thus becoming 
in most cases a permanent part of the glass itself. The ‘‘fixing’’ or fusion 
of these colors to glass surfaces is accomplished by firing to temperatures 
ranging from 580°C to 650°C depending upon the nature of the glass 
and color. 

The colors are applied by painting, or by spraying with an air machine 
especially constructed for this work. ‘These processes have largely re- 
placed the old groundlaying process which consisted of an application of 
finely powdered color to a slightly “‘tacky”’ oil ground. 

These colors are first thoroughly ground with turpentine in a paint mill 
to a consistency of cream, or until the color will just stand up. They may 
also be ground in a pebble mill. A small amount of a slow drying oil, 
such as Dresden oil or fat oil of turpentine is added in order that the color 
will not dry too quickly. 

After application the color is allowed to dry and the ware is then placed 
in the kiln. The temperature is gradually increased; or if fired in a leer, 
the articles are very slowly moved forward toward the center of the leer 
where the temperature is the highest. 


Stains 


Stains differ from the colors in that no flux is required. These are 
salts of metals. Instead of being used with the flux, they are mixed with 
ocher or clay and fired in the ordinary way. ‘These metallic salts impart 
to the glass their characteristic color in a very clear transparent film. 

The writer has knowledge of only two metals whose salts are capable 
of being reduced: Silver, giving the amber or orange stain, and copper, 
giving the red or ruby stain. This type of decoration under reducing 
conditions is very difficult to produce. A typical mixture used is 3 parts 
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calcined yellow ocher and | part silver nitrate, thoroughly mixed in a 
pebble mill. After firing, the ocher may be washed off and the glass un 
derneath will be stained amber. 

Effects usually ebtained by reduction, which include all the luster dec- 
orations (the red or green of copper, green and yellow of chrome, etc.), 
are hard to control. 

Gilding 

The metallic gold, silver and platinum decorations are the oldest and 
most used decorative materials. Their manufacture is quite an art and 
is successfully practiced by very few concerns. The pure metal is used in 
powdered form mechanically incorporated with a suitable flux and organic 
oils and are thus sold in the form of liquid or paste. ‘These preparations are 
* then applied and fired under much the same conditions as the vitrifiable 
colors. 

A liquid, bright gold can be prepared as follows: 

5 parts Lavender Oil 1 part Flowers of Sulphur. 
5 parts Turpentine 

This is boiled over a sand bath for about '/p hour (according to an old 
formula). ‘To 8 parts of this thick emulsion is added a solution of gold 
chloride, which contains one part c. p. gold. ‘This is thoroughly ground 
together in a mortar with the addition of a small amount of lavender oil. 
The whole is allowed to stand 24 hours. ‘To this mixture in the mortar is 
added bismuth subnitrate, equivalent to one-half the weight of gold, and 
again thoroughly mixed and allowed to stand. ‘This is then taken up in 
carbon bisulphide, if too thick, and filtered. The whole is allowed to stand 
on a warm place for 12 hours, after which the solution is ready for ap- 
plication. 

Lusters 

Lusters may be classified as metallic resinates. These are manufac- 
tured by slowly adding the metallic salts to boiling mixtures of soluble 
oils and resins and are thus sold in liquid form. The iridescent effects 
which impart their characteristic metallic color to the glass surface are 
not permanent, inasmuch as these lusters do not contain flux, and there- 
fore are not capable of being fused into the glass. Typical yellow luster 
consists of 

1 part Uranium Acetate 5 parts Lavender Oil. 
3 parts Rosin 


VitTRO MANUFACTURING Co 
PITTSBURGH, Pa 


AUTOMATIC KILN STOKERS 


By Joun D. MARTIN 


Introduction 


For kiln purposes more heat can be purchased per dollar in coal than 
in any other fuel. In spite of the generally wasteful methods employed 
the value of coal as a kiln fuel is proven by its wide use. No fuel without 
genuine merit could have survived such industrial punishment. 

It is burned either as run of mine, or screened; mixed with a bituminous 
binder and briquetted; gasified in a producer; coked or pulverized and 
used in form of powder. ‘This discussion is directed to a consideration 
of fuel and the method of its use in periodical kilns. 

Coking and briquetting are too expensive. ‘Their use is justified only 
under very special conditions. 

Pulverized fuel requires intricate and expensive changes in the kiln 
construction to trap and discharge the ash. If blown into the kiln the 
ash would collect and interfere with the draft. 

Producer gas for periodic kiln burning is a mistake if better economy 
and same ease of control can be obtained by others means. Gas makes 
a fine fuel, but unfortunately, this is not the whole story. Before the 
gas can be burned, not less than 20% of the heat value of the coal has 
been lost and this loss may be as high as 299%, depending on the amount 
of sensible heat lost between the producer and the kiln. ‘This unavoidable 
loss certainly places a great handicap on producer gas in comparison with 
other modern methods of burning raw coal in periodic kilns. 

The process of turning a fuel into gas in a producer is not in itself unique. 
The first stage in burning solid fuel in the kiln firebox is production of gas 
and the second stage is oxidation of this gas. ‘The coal is gasified in a 
kiln firebox and the gas burned in the kiln without loss of any of its sensible 
heat. 

The largest obtainable economies are had where the fuel and air supplies 
and the ash discharge are properly regulated. Such regulation cannot 
be obtained in a hand-fired furnace. 

Coal is used in all its prepared sizes from slack or screenings to lump. 
It is burned in furnaces of every shape and size with or without specially 
constructed arches; with flat grates, sloping grates and no grates at all; 
with means of supplying secondary air from every conceivable part of 
the furnace, or without any such means; with fire doors, and without; 
with natural draft, forced draft or induced draft. If a solution of this 
problem has not been found, it is not because all the possible combinations 
of these have not been tried, and yet, one authority states that the question 
of kiln furnaces is one on which the gods themselves cannot agree. We 
would have been much nearer the solution if it had not been for the fire- 


| 


AUTOMATIC KILN STOKERS 1045 


man with his coal shovel. This combination can defeat, and invariably 
does defeat, all efforts for economy in furnace design to burn raw coal. 

The fireman, too frequently, overloads the fireboxes with green coal 
after having allowed the fuel bed to so burn down as to show sometimes 
600% excess air, Such a practice results first in loss of heat carried away 
by the excess air, and then by incomplete oxidation of the carbon mon- 
oxide. He will shovel out ashes which contain too much combustible. 
In some cases as much as 25% of the heating value of our coal is carted 
to the ash dump. Poor management of the firing increases unduly the 
length of time of firing causing slow turnover of kilns, delayed deliveries 
and a waste of labor and fuel, which is costing the clay working industry 
unnecessarily untold thousands of dollars per year. 


Uniform Stoking Needed 


The solution of the problem of burning raw coal in periodic kilns is in 
employing a means of feeding the coal either constantly or at very short 
intervals and removing the ashes at the same rate. ‘There should be 
steady flow of coal in, and a flow of ashes out. Combustion in the fire- 
box is a continuous matter, and it can be maintained most efficiently 
only within a very short range of variation in condition of the fuel bed. 
The only practical way to accomplish this is by some form of mechanical 
stoker, and for kilns this will require a specially designed one. 

Stokers for boilers and heating furnaces have been had from the time 
such furnaces first made their appearance. The early purpose of me- 
chanical feeders was eliminating the smoke nuisance. Three general 
types have been developed; chain grate, overfeed and underfeed types. 

Chain Grate Stoker.—-The chain grate stoker consists of a movable 
grate made up in the form of a flexible chain. It carries green coal into the 
firebox and discharges the ash at the rear end. It has always been oper- 
ated by natural draft although some late developments use forced draft. 

Overfeed Stoker.—The overfeed type is of two different kinds, one 
in which the coal is thrown by mechanical means and spread uniformly 
over the fire, the ashes being dumped through the grate. The other 
form introduces the fuel at the highest end of a sloping grate and gradually 
works it to the discharge end by a reciprocating or oscillating motion of 
the grate bars, and the ashes are discharged by a dump plate, auger or 
rotary clinker grinder. The larger types of this variety are power driven, 
but the smaller sizes are operated by hand. The coal may be fed by power 
and the ashes dumped by hand. With hand manipulation there will be 
difficulty in keeping the fuel bed in a uniform condition owing to the 
periodicity of attention given to it. All hand stokers have to be designed 
with a view of making the intervals between firing and dumping as long 


| 
| 
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as possible, which is distinctly a compromise in the design to make it 
easier for the fireman at the expense of the efficiency of the stoker. 

The Underfeed Stoker..-The underfeed type of stoker delivers the 
coal upward through the fuel bed from the bottom, pushing the partially 
burned coal and the ash toward the point of discharge of the ash. In 
some designs the movement of the partially burned coal is by the recipro- 
cating grate bars employed in overfeeding. This kind of stoker in recent 
years has found great favor in central power stations because of its ability 
to handle a variety of different coals and to force the boilers for long periods 
at high ratings, in some cases as high as 300°) of the normal rating of the 
boiler. Underfeeding is no doubt the most correct method because the 
burning fuel is on top of the green coal and the gases from the green coal, 
mixed with air, pass through the hottest part of the fire. This type will 
produce a minimum amount of smoke. It is usually operated with forced 
draft. 


Applications of Stoker to Periodic Kiln 


A little over two years ago, at the plant of the Straitsville Impervious 
Brick Company, at New Straitsville, Ohio, experiments were made in 
burning clear face brick with a forced draft installation. While the burn- 
ing time was reduced and fuel saved, these savings were eaten up in the 
additional labor required to hand fire the furnaces to maintain an oxidizing 
condition. ‘This, however, we were not able to do, as we flashed our brick 
in spite of all our efforts to prevent it. This led us to believe that a stoker 
operating with forced draft would overcome this trouble and give us a 
maximum of economy not only of coal, but of labor. 

As there were no stokers on the market made especially for this work, 
or which seemed well suited for it, we designed a stoker of the size so that 
one of them could be installed at each firebox of the kiln. We chose the 
underfeed type as being best suited to carry out our ideas of what a kiln 
stoker should be. We could have tried a much easier stoker to design, 
that is, some means of dumping or throwing the coal onto the fire and ad- 
vancing it to the ash pit either mechanically or by hand, and dumping the 
ashes by hand, but we did not believe, and do not now, that such a stoker 
can secure the results which can be obtained by both feeding the fuel and 
discharging the ashes automatically. 

It took over two years to bring our stoker to a satisfactory conclusion 
and we are convinced that we now have a machine which is capable of 
wonderful results. I dislike to make such a statement, however, without 
being able to give the figures of careful tests to prove it, but all ten of the 
stokers on this kiln have not yet been equipped so as to be in their final 
form and we have therefore been unable to make final tests of what we 
will eventually accomplish. 
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Requirements in Stoker Design 

It is apparent that stoker burning will be given considerable attention 
in the future. It is a new thing now and naturally our industry knows 
very little about the details of stoker construction. I would like to point 
out those features in a stoker, the presence or absence of which will mean 
good, bad or indifferent results. 

Forced Draft.—The stoker should be designed for the use of forced 
draft which, on account of the increased circulation, will drive the heat 
quicker to the bottom of the kilns. This will speed up all the various 
periods of the burn, especially watersmoking, during which time it will 
reduce condensation on the ware in the bottom of the kiln. The intensity 
of the draft should not be carried to the point of materially increasing 
the stack temperatures. We have found by using a balanced draft in the 
‘kiln that the stack temperature is not materially increased after applying 
forced draft. 

Forced draft will increase the amount of coal which can be burned 
per square foot of grate area. As a result, the size of the stoker grate 
and furnace can be reduced and still burn an increased amount of coal 
per firebox. The burning of more coal per square foot of area with forced 
draft is important because it results in a hotter fire and higher tempera- 
tures of the products of combustion. This means quicker burns provided 
the ware will stand it, with smaller stack and radiation losses. 

We have found that our ware will stand a considerable speeding in firing. 
In one case, after watersmoking and oxidation, we found it necessary to 
stop firing and make some changes, during which time the kiln entirely 
cooled off. We then started burning again and completed the burn with 
the stokers in 2 days and 20 hours, putting down cone 3 in the bottom. 
The brick were not damaged in the least by such a rapid rise in the tem- 
perature. Our usual burning time with hand fired furnaces is a little over 
8 days. 

Construction Should Be Rugged.— The stoker and all driving mechan- 
ism should be rugged in construction. There should be break pins in- 
stalled somewhere in the driving mechanism which will relieve the stoker 
of unusual strains caused by the presence of tramp iron or pieces of brick 
in the coal. 

The stoker should be able to discharge the ashes automatically, and 
this should be as continuous as the feeding of the coal into the furnace. 
This is necessary if we are always to keep the fuel bed in the same condi- 
tion. If we do this there is no reason why we cannot obtain the same 
steady application of heat which we attain when we fire with gas. 

Coal and Ashes Should Not Mix.—The stoker should make a minimum 
of clinker formation in the fuel bed and on the furnace walls. Usually 
it is necessary to reach a temperature in the firebox which will fuse the ash. 
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Fused ash, however, does not of necessity make a hard clinker, but it will 
be turned into hard clinker by excess of heat and agitation. The more 
heat and agitation, the larger will be the clinkers. 

It is because the ash is subjected to the heat of burning coal that it 
becomes fused. Burning coal and ashes should never be mixed together 
in a fuel bed, but if this should happen, the mass should be agitated just 
as little as possible. To prevent bad clinkers from adhering to the fur- 
nace walls, do not mix burning coal and ashes together and agitate the 
mass along the wall. A well designed stoker will not mix green coal and 
ashes together, neither will it require hand manipulation of the fuel bed, 
nor the use of bars or hooks to remove clinker formations from the furnace 
walls. 

Stoker Should Be Designed to Burn Fine Coal.—The stoker should be 
designed to burn fine screenings or slack coal because this is the cheapest 
form in which coal can be purchased. This will require a grate designed 
to prevent the finer particles of coal sifting through it. Yet the grate 
should have large area of air openings in order for the air to find ready 
access to the fuel. If the air passage through the grate is restricted, a 
high air pressure for the forced draft will be required. 

Some forced draft systems for kilns firing fine coal, require as high as 
2 or 3 inches of pressure which I believe to be an indication of a poor grate 
design, or a fuel bed which is too thick, or both. The thicker the fuel bed, 
the greater will be the necessity for introducing secondary air because this 
is more closely reaching a gas producer condition of the fuel bed, and the 
proper regulation of a secondary air supply to secure economy is very 
difficult. 

Provision for Removing Ashes from Windbox.—The stoker construc- 
tion should prevent the air passages or windbox under the grate from 
filling with fine ashes. This can be done by providing an automatic means 
of removing them. ‘This is necessary since it is practically impossible to 
design a grate which will not allow some siftings to work through it. How- 
ever, the design of the grate, etc., should be of such a nature that these 
siftings will consist of fine ashes, and not fine coal. 

The main ash discharge should not be into a forced draft windbox below 
the grate as this will require shutting off the draft to clean out these ashes, 
and if this process should be neglected, it might result in burning out the 
grate. No good stoker design would require that either the feeding of 
the coal or the draft be shut off in order to remove the ashes. 

Stoker Should Have Ample Capacity.—The stoker should have ample 
fuel burning capacity without being forced, since any stoker, forced be- 
yond its proper rating, will discharge considerable unburned fuel with 
the ashes. When operated at a normal rating, a proper design will insure 
a very small per cent of combustible in the ash. 
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Means for Varying Air Excess.—The stoker should be capable of pro- 
ducing either reducing or oxidizing conditions of the gases. It should 
be able to furnish the amounts of excess air at the various stages of the burn 
which are consistent with good burning practice. 

Character of Coal Effects Design.—The stoker should be capable of 
properly handling the kind of coal it is expected to use. Coking coals 
will require some agitation during the distillation period when the coal has 
a tendency to stick together in large masses. Agitation will prevent the 
formation of such masses and keep the fuel properly open for the passage 
of the draft. Such agitation of the fuel at this particular time does not 
cause clinker formation. 

Grate Should Be Close to Kiln Floor Level.—‘The stoker should be 
designed to have its grate surface reasonably close to the level of the kiln 
. floor. This will not be difficult to accomplish if the kiln floor is above the 
outside ground level, but if the kiln floor and the ground are on the same 
level, then unless we resort to an objectionable pit to set the stoker in, 
the grate level will be above the floor level. In this case, forced draft 
will be found to overcome largely the objection of having the grate level 
above the kiln floor. With the stoker we have developed, we can hold 
this difference of level between the kiln floor and the grate to 19 inches. 

Another feature in connection with the location of the grate is the de- 
sirability of having as much of the grate area as possible close to the bag 
wall. This will tend to keep the heat away from the arch through the 
kiln wall, and concentrate it more on the bag wall where it more properly 
belongs. 

Accessibility of Fuel Bed.— Means should be provided to allow ready 
access to the fuel bed for purposes of inspection and to allow hand firing 
if found necessary. 

In conclusion, I would say that I appreciate the idea that a kiln stoker has 
generally been given very little thought in our industry. I hope the outline 
I have given above of the requirements of a good stoker will not discourage 
you into believing that no stoker could possibly be designed which could 
measure up to that rather formidable list, unless it was such a complicated 
machine as to be too costly to install, or if installed would require a corps 
of experts to operate it. Such is not necessarily the case, as a properly 
designed kiln stoker can be a practical and reliable machine. 


STRAITSVILLE ImMPERVIOUS Brick Co. 
NEw STRAITSVILLE, OHIO 


SUBSTITUTING FUEL OIL FOR PRODUCER GAS IN 
A CONTINUOUS GLASS TANK 


By F. S. THompson 


Although oil as fuel had been used before on the twenty-ton continuous 
tank of a New England glass factory it was considered expedient, during 
the late coal shortage, to try the oil under operating conditions over a 
long period of time. Our previous experiments and experiences with 
fuel oil, as written up and reported elsewhere, show that the time covered 
in each case was short and that considerable trouble developed in main- 
taining the temperature of the checkers and also in securing the proper 
difference in temperature between the melting end and the working end. 

In addition to warming the tank and trying short tests with fuel oil, 
it was used each Saturday for a period of one to two hours while the pro- 
ducer gas was turned off for cleaning the mains, At this time two burners 
were used. ‘They were mounted above and on either side of the dog 
house and played their flames horizontally into the tank. One burner 
was turned on while the furnace valves were arranged for the incoming 
air to enter on the same side as itself. When the furnace valves were 
reversed that burner was turned off and the other ti#hed on. This system 
caused the flame always to be projected past the four ports which were 
supplying the necessary secondary air. It was noted that the flames 
passed longitudinally to the front of the furnace passing the ports at a 
point horizontal from them. 

When sufficient oil was turned on to maintain the working end at the 
proper temperature, a long flame developed which swept down one side 
of the furnace for a distance of more than thirty-five feet and horse-shoed 
back. Obviously this caused an even distribution of heat and a conse- 
quent evening of temperature between the working and melting end. 
The result would be that if the melting end were hot enough properly to 
melt the batch, the front end would be too hot for working. Conversely, 
if the working end were at the desired temperature, the melting end would 
be low and would soon result in the production of seedy glass. 

To offset this undesirable condition the engineers of the W. N. Best 
Company of New York, whose burners we have used for several years, 
were consulted. ‘They recommended that in addition to the two burners 
already in use we install two additional burners, one on each side of the 
furnace above the bridge-wall. These burners were to project their 
flames at an angle of 45° and toward the rear, or in other words 
in opposition to the flame of the original burner in the rear of the tank. 
The purpose of these additional burners was not only to furnish more heat 
to the melting end, but to play against the burner operating from the rear 
and prevent it from ‘‘horse-shoeing’’ around the working end of the tank. 
The result of this arrangement seemed to produce the desired conditions. 
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Attention should be called to a point that at the time did not appear 
at all important, but which, in the light of subsequent events, proved to 
be of the greatest significance. That is, when the additional burners were 
installed at the side the burners in the rear were lowered about twelve 
inches. This lowering brought the rear burners into a position from which 
they were able to inject their fuel directly into the downward projecting 
secondary air. This point will be brought out later. 

The test run with this arrangement of burners was of eighty-nine hours 
duration. During this time the producer was shut off and the gas from 
the hot mains and the smoldering fuel in the producer was shunted to 
the stack. ‘The Westlake machines, three in number, continued to operate 
throughout the period. ‘The important events of the run we might chron- 
icle briefly as follows: 

First Day.—After closing the gas valve above the Forter valve one 
side burner and its corresponding rear burner were turned on. Each 
pair of burners on the respective sides were operated with a common valve 
in order that they might be turned on and off simultaneously from one 
point. At reversals (every half hour) the Forter valve and air intake 
were first reversed after which the lighted burners were extinguished and 
the opposite side started. 

Since the secondary air, under oil firing conditions, can be drawn through 
both air and gas regenerators the big drop doors on the Forter were each 
wedged up three inches to allow an inlet to the gas tunnel. This not 
only resulted in more efficient regeneration but insured a more even tem- 
perature between the two chambers. 

Although no particular manipulative difficulties were encountered the 
temperature was not maintained as steadily as was customary with pro- 
ducer gas. 

Second Day.—The burner operators, having become accustomed to 
their work, were now holding the working end of the furnace within plus 
or minus five degrees. 

The checker temperature, in which we were particularly interested, 
maintained a very satisfactory condition; in fact the color seemed even 
brighter than under producer gas conditions. 

Third Day.—The events of the twenty-four hours represented by this 
period were practically a repetition of those of the previous day. 

Fourth Day.—The first ten hours passed with unchanged conditions. 
At 10 o’clock A.M. the individual control valve on one of the side burners 
was broken off. As the test run was about finished, this burner was cut 
out and its corresponding rear burner operated alone on that side. 

This break occurred at just the opportune time to prove to us that the 
side burners were unnecessary provided the rear burners were placed in the 
proper position. As mentioned before the rear burners were, at this time, 
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lower by twelve inches than in any previous test run of oil. It seems 
reasonable to conclude that with the rear burners too high the fuel was 
projected over the incoming streams of secondary air and beyond them 
thus preventing an intimate mixture. However, with the fuel injected 
directly into the path of the incoming air the mixture was complete and 
intimate and caused a flame that expended itself in the melting end 
and brought the desired relative temperatures between the melting end 
and the working end of the tank. 

The test run was brought to an end by turning in the producer gas after 
eighty-nine hours of oil fire. ‘The working end thermo-element in the 
front wall showed that during the last fifty hours of the test the temper- 
ature at that point maintained practically constant. However, the 
machine operators reported that the glass worked from the side boots 
varied in temperature with the reversals. No measurement was taken 
to verify or disprove this assertion. In the light of subsequent events 
however we were led materially to discount any effect this variation had. 

Viewing the matter from a comparative cost standpoint not only the 
cost of the fuels must be considered, but also the cost of labor and the 
operation of auxiliaries, such as coal elevators, oil pumps, etc. 

The cost of firing the furnace with producer gas will be considered 
first. The following items show the expenditure for the various operations 
and labor and the total cost per day. 


Producer power 


Coal crusher power | 
Coal scale | 
Average daily consumption of coal (13.5 tons) in producer................... 94.50 
Burning out mains (one-seventh of cost). 2.00 
Total $156 .12 
In a similar manner we arrive at the daily cost of operation with oil. 
Cost of average daily consumption of fuel oil (2167 gal. at 4.5 cents).......... $97 .52 
Cost of delivering air at 60 Ihs. pressure to burners.................2-202055 8.00 
Repairs and upkeep on air compressor, oil pump, and pipe lines.............. 3.00 
Interest on investment in compressor, oil pump, and pipe lines............... .50 


Total $144 .72 
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From a dollar and cents viewpoint, therefore, the advantage lies slightly 
with the oil. The question of the destructive action of the oil flame has 
never been a very serious one in this particular furnace. Probably the 
position of the burner has a bearing on this phase. Since running the test 
we have been discussing, this same furnace was run for nine months on 
oil without any noticeably bad effects. 


Results and Conclusions 


1. The total time of operation was eighty-nine hours and the total 
quantity of oil burned was 8035 gallons or an average of 2167 gallons to 
each 24 hours. 

The oil used was brought from the Providence refinery of the Standard 
Oil Co. and showed a heat value of 18,980 B.t.u. per pound or 6,244,420 
B.t.u. per barrel. The test was made by a bomb calorimeter in the East 
Providence laboratory of the Standard Oil Co. Its gravity was 19° Baumé. 

In a paper by H. C. Sherman and A. H. Kopff,' the following formula 
is given for the calculation of the B.t.u. value of an oil from its Baumé 
gravity reading: 

B.t.u. = 18,650 plus 40 (Baumé — 10) 
Substituting we have 
B.t.u. = 18,650 plus 40 (19 — 10) 

or B.t.u. 19,010 


Since this figure checks within .15% of the calorimeter determination 
we can safely assume the result to be correct. 

As before stated our test run consumed 2167 gallons or 51.357 barrels 
of oil per day. At 6,244,420 B.t.u. per barrel the thermal value of one 
day’s fuel would be 320,694,677 B.t.u. 

The B.t.u. of the coal from our storage averages 14,000 units. Dividing 
the number of units fired per day in oil by the number of B,t.u. per pound 
of coal, gives 22,906 Ibs. or 11.453 tons of coal as the equivalent of the oil 
consumed. 

Since the average daily consumption of coal on this furnace was 13.5 
tons (short) or 27,000 pounds, the comparison on a strictly thermal basis 
is also in favor of the oil. 

2. The checker work of the regenerators maintained a very satisfactory 
condition, although a slight deposit of carbon formed on the top layers. 
This carbon, we think, might have been the result of insufficient air at 
times during the experimenting with drafts and intakes. At such times 
when we throttled the intake too far the combustion was naturally in- 
complete and resulted in the deposit on the bricks. 


1 Jour. Amer. Chem. Soc., October, 1908. 
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3. The flue gas which was analyzed daily indicated that after the first 
twenty-four hours our stack and damper regulation was very nearly as 
efficient as could be obtained. On April 28th the flue gas showed 14% 
COs. The next day it twice analyzed at 16% and remained at that figure 
throughout the test. 

4. Each of the four oil burners were protected during their respective 
periods of idleness by a fire-clay tile one foot square and an inch and one- 
quarter thick. The two tile on each pair of burners were each suspended 
by a cable running up over a pulley and down to a common counter weight 
near the oil control. Thus, when turning on or off one pair of burners 
their doors could be raised or lowered, as desired, simultaneously and 
from a point near the oil control. This proved a very valuable aid in the 
operation, although the design of the pulleys should be changed to prevent 
the cable from slipping off. 

5. The fuel oil (18° to 20° Bé) supplied by the Standard Oil Company 
was found to be more easily manipulated than the heavier oil used on the 
previous tests. The principal difficulty encountered in using the heavy 
oil in addition to that of maintaining a hot supply lies in the trouble 
encountered in starting a burner that has been idle during reversing periods 
or for any other cause. A few moments lost periodically in this manner 
causes losses that are far greater than the difference in cost between the 
two oils. Even circulating pipes and elaborate heaters do not seem to be 
the answer to the intermittent oil burner. 

6. It is not unreasonable to state that if the problem of burning fuel 
oil instead of producer gas in the tank furnace be properly attacked and 
followed through, that the oil would prove fully as efficient and as satis- 
factory. 

7. The main object of the test was to determine the practicability 
of fuel oil as a substitute in case of emergency, such as might be caused 
by a long continued coal strike. From this point of view the experi- 
ment was entirely successful. 


Appendix 


Since the foregoing test was finished and recorded the furnace in ques- 
tion has operated almost continuously on fuel oil of 18 to 20° Baumé 
gravity. 

The fuel is supplied to the furnace through the rear burners only, one 
at atime. ‘The daily consumption of oil is now about 1935 gallons. It 
will be noted that this consumption is somewhat lower than that attained 
during the test run. This lowering of the consumption of oil might be 
accounted for in slight changes in furnace design (elimination of hollow 
tongue tile), new furnace bath with its thicker walls, or to more thorough 
experience in operation. 


| 
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In September this particular furnace was let out for three weeks for 
repair. During that period a shift was made in the position of the burners 
but after several experiments (in warming up and afterward) the burners 
were returned to the position that gave the best results as before described. 

When the furnace was first built in 1920, eight burner holes were made 
on each side of the furnace. These were situated one on each side of each 
of four ports. This design intended to play two streams of vaporized 
oil into each current of incoming preheated air. This scheme, while 
apparently correct in theory, was never put to use on account of the un- 
wieldly number of burners to be handled. 

This short paper has not been written with any idea of setting forth 
anything startlingly new in oil burning but on account of the fact that 
this particular furnace is used for the manufacture of glass which demands 
accurate temperatures within very narrow limits. We merely wish to 
establish the fact that such a temperature condition can be maintained 
with oil as fuel without detriment to production. 


Discussion! 

S. R. ScHOLES:*—While the writer’s experience with fuel oil here is 
limited to a brief run, it happens we used the same type of rear burners 
as those described by Mr. Thompson. Our results so far as maintenance 
of temperatures is concerned were good, but since we paid more for oil and 
less for coal than the figures cited, economy was on the side of coal. 

It appears that under the conditions prevailing at Mr. Thompson's 
plant, coal at $6.16 per ton would compare on an equal cost basis with 
oil at 4.5 cents per gallon. No direct mention is made of the cost of steam 
for heating the oil, but probably this is included in ‘‘cost of delivery to 
burners.”’ In cold weather this runs relatively high. 

One item of cost of operating gas producer, ‘‘cost of steam, $28.80,” 
seems toohigh. (Probably not more than 60% by weight of the coal gasi- 
fied, or 8.1 tons of steam was blown in per day.) Assuming a low boiler 
efficiency and taking 4 pounds water evaporated per pounds of coal fired 
under the boiler, 2.05 tons of coal would be used for this purpose. This 
would cost $14.35; and the firing labor must certainly be incidental to 
other duties, and come well under the remainder, $28.80 — $14.35 = $14.45. 


1 Received Sept. 8, 1923. 
? Federal Glass Company, Columbus, Ohio. 
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FUEL OIL AS ADAPTED TO THE CHAMBERED CONTINUOUS 
KILN 


By Mark A. TAyLor 


ABSTRACT 


A summary of equipment used and methods employed in firing a Youngren type kiln 
with fuel oil. Includes a description of storage tanks, pumps, heater, oil distributing 
system, meters and strainers, atomizing medium, burner headers, and burners. The 
kiln successfully burns a uniform, high quality ware, and has been in use eleven years, 
with oil as the only fuel. 


Introduction 


Fuel oil is rapidly growing in importance in ceramic manufacturing. 
Pertinent data on this comparatively new fuel is being continually gathered 
and presented. The clay worker who is interested will first make a study 
of oil itself and then of oil-burning installations in which conditions parallel 
or correspond to those at his own plant. It will eventually be necessary 
to have reports covering every important type of kiln in use, for each 
type requires a typically different lay-out for oil burning. A few kiln 
types have already been interestingly presented. This paper covers 
only the continuous chamber kiln. 


The Kiln 


The Youngren type (Goldner Patent) kiln of the Vincent Clay Products 
Company of Fort Dodge, Iowa, was built in 1911, and from that time to the 
present has used no other fuel than oil. The product has been largely 
drain tile, and occasionally. building block. 


Storage Tanks 


Fuel oil is stored in three similar steel tanks of combined capacity of 
60,000 gallons. These tanks are sunk in a concrete pit so constructed 
that there is working room at the sides and ends of the tanks. The pit 
is well drained. It has a reinforced concrete cover that will withstand 
heavy loads. The three tanks lie end to end along a railroad siding, and 
are sunk deep enough to allow the oil to flow by gravity from tank cars. 
The 1'/:-inch suction line extends over the top, and drops into each cank 
to within Y inches of the bottom. This clearance prevents water and 
settlings from entering the line. A screened foot valve is fitted onto the 
suction line in each tank. The return line empties near the foot valves, 
so that the hot return oil warms up the surrounding oil. 


Pumps 


Located in a small building at the end of the tank nearest the kiln are 
two Fairbanks-Morse oil pumps. One is a two cylinder piston pump, 
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the other a double plunger pump, but both are designed to handle hot 
oil. Only one pump is in use at any time, the other being held as a re- 
serve in case of a breakdown. 

A one horse power Fairbanks-Morse motor drives either pump. Ap- 
proximately five times as much oil as is used on the kiln is delivered through 
the line. 

The pumps are placed a little below the level of the tops of the storage 
tanks, so that the suction lift is reduced to approximately seven feet. 

Both the main oil line and the return line are led from the pumphouse 
through a tunnel to the main building. Thus the underground joints 
of the lines are always accessible. This tunnel was built after twice 
digging the lines out of frozen ground to repair leaks. 


CROSS AND LONG/TUO/NMAL SECTIONS 
SHOWING BURNER PLACEMENT 


COMBUST/ON 
CHAMBER 


— WARE 


4 BOX~ 


446 
Fic. 1.—Two burners connected and in firing position. 


The Heater 


From the entrance to the building the lines go to the main waste heat 
flue at a point 60 feet from the kiln. The oil may be delivered direct to 
the kiln by a line outside the flue, or it may be diverted into a home-made 
heater placed within the flue. Both delivery and return lines have this 
heater feature. ‘The heater in each case consists of three fifty-foot lengths 
of 3-inch pipe. By the time oil passes through this 150 feet of piping sur- 
rounded by an atmosphere at a temperature of from 400° to 500°F, the 
oil temperature is raised to between 150° and 200°F. 

It is possible to use either or both of these heaters or to cut them out 
of the line altogether. Each heater may be well drained when not in use. 

It would seem that any predetermined temperature of the oil could be 
maintained by dividing the flow as it gets too hot, and sending only a 
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fraction of the total supply through the heater. But by doing this, so small 
an amount of oil would pass through the heater that overheating would 
result, causing some of the oil to gasify, and slowly carbonize in the heater 
pipes. This would make trouble at the burners, eventually clogging them. 

This heater will seem crude to those familiar with precise steam heaters 
automatically controlled. But at this plant, steam is not available con- 
tinuously. The only available boiler is a small oil fired affair which is 
fired occasionally to heat up a tank car, or to warm up thick oil in the 
storage tanks following a shut down. ‘The steam line from this boiler 
is led with the two oil pipes through the tunnel and pumphouse, and over 
the tanks where it is connected to a heating coil in each tank, and also 
fitted with a connection for tank cars. 


Fic. 2. 

Note: Main oil and air lines are buried about one foot under the loose crown insula- 
tion. Brick well foreground houses a union coupling on main oil line. Portable Brown 
pyrometer used on oxidizing chamber, and draft gage are shown in the center of the 
view. Rectangular brick box at center-left contains sliding waste heat damper. 


Oil Distributing System 


The pipe from the waste heat flue to the top of the kiln is reduced to 
1'/. inches. When first installed the oil was piped clear around the kiln 
in a single line which entered on one side of the kiln, passed down the kiln 
over the center of each chamber, then crossed over at the rear of the kiln 
and returned on the other side in the same relative position. Risers were 
provided for each chamber, and oil was distributed to separate chambers 
by means of movable headers, three of which were used. Oil entered 


these headers at the center and flowed as fast as used by the burners 


| 
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towards the two dead ends. Excess oil never entered the headers, but 
passed on through the main line to the return. Each header was equipped 
with a small fish trap screen and oil meter. 

This type of header was a source of much trouble, especially in cold 
weather. At the start of a burn, with only a few burners in use, the oil 
would flow so slowly through the header that it would cool and thicken 
before it reached the burners. No matter how careful a fireman might 
be, it seemed as though the fires were either much too strong, or else not 
burning at all. Much ware was lost from this cause, as the early stages 
of the burn requires the most careful operation. 

A new distributing system has been evolved which obviates all dead 
ends, and while more complex than the old, the new lay-out is easily under- 
stood and already has proved to be a very good investment. The oil 
line around the kiln was left as before, except that stopcocks were placed 
in the line ahead of each riser. Each header was fitted with long swinging 
pipes at each end. One of these pipes was connected to the riser in front 
of the header and one was connected to the riser behind. 

It can be seen that if both riser valves are opened, and the stopcock 
in the main line between the risers is closed, all of the oil must of 
necessity flow around through the burner header. As there are three 
of these movable headers set up on successive chambers, it was necessary 
to arrange the fittings on the risers so that the oil could be passed either 
directly into the header ahead, or down into the main line. Figure 2 
will show how these fittings are assembled. 


Meters and Strainers 


It was impossible to use meters and strainers as in the old system, for 
the meter would register the oil that passed back to the storage tanks as 
well as that which was burned. ‘Two sets of large strainers and meters 
were therefore connected into the line, one set where the line enters the 
kiln and the other on the return line where the excess oil leaves the kiln. 
Thus the difference between the two meter readings over a given period 
will give the oil burned in that time. 

The 1'/s-inch meters are manufactured by the Pittsburgh Meter 
Company and are designed especially for fuel oil at 150°F. The strain- 
ers are the two way or duplex type which means merely two strainers 
connected in parallel so that one may be cut out of the line and cleaned 
while the other is in use. ‘This arrangement precludes the necessity of 
shutting down the fires to clean a dirty screen. 

A duplex screen is set up with each meter so that the oil is strained before 


entering the meter. 
The separate strainers are of the 1'/s-inch fish trap type, manufactured 
by the Pittsburgh Meter Co. The screening element was originally a 
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fine wire gauze backed up and strengthened by a coarse meshed screen. 
Experience showed that the wire gauze offered so much resistance to the 
pump that proper oil pressure could not be maintained at the burners. 
Therefore the fine screen was eliminated leaving only the coarser mesh. 

The only trouble resulting from elimination of the fine screen was the 
necessity of occasionally cleaning the meters. In any case the screen mesh 
should be smaller than the oil delivery nozzle in the burner. 

An oil pressure of 30 pounds per square inch is maintained on the line 
by means of a weighted bypass valve on the return. White lead on all 
thiead joints is sufficient precaution against leaks at this pressure. 


Atomizing Medium 

Compressed air is the atomizing medium used. ‘This is furnished by 
a 14x 10 Ingersoll-Rand compressor, driven by a 25 h. p. Fairbanks- 
Morse motor. 

Air pressure is maintained at 20 pounds by means of an Ingersoll-Rand 
unloader. This device has paid for itself many times over, as through its 
use the compressor runs idle more than half of the time. In principle, 
this unloader consists of a valve in the air intake line which is actuated 
by the pressure in the storage tank. At 21 pounds pressure, the valve 
closes instantly, and the compressor runs idle until the pressure drops to 
19 pounds. Then the valve opens, the compressor pumps the pressure 
up to 21 pounds, and the cycle is repeated. 

Air is carried from the compressor to a tank 8 feet long and 4 feet in 
diameter, which serves to minimize the pulsations of the compressor. 
A 4-inch main leads from this tank to the top of the kiln and there is di- 
vided into 2 two-inch lines. ‘These lines pass close to the oil lines down 
each side of the kiln. Risers are provided for each chamber, close to the 
oil line risers. 

Burner Headers 


The three movable headers are made up of the 1'/2-inch oil pipe de- 
scribed previously, and a 2-inch air pipe. When in use, the air pipe is 
connected in its center to the main air line riser, and the oil pipe is con- 
nected as previously described. 

There are eleven fire holes to a chamber. Risers, */s-inch, are fitted 
onto both air and oil pipes opposite each fire hole. Each header is 30 feet 
long and the burner connections are 3 feet apart. 

‘The two main pipes are clamped firmly together and the headers are 
easily moved to any chamber of the kiln by means of a half ton chain hoist 
and overhead trolley. 

‘wo chambers are on fire at once, one oxidizing, and one full fire, so that 
there is plenty of time to move the third header forward and make it ready 


to light. 
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Burners 


Number I Schurs burners are used. ‘These must be fitted up according 
to the special requirements to be met. Each burner is fitted with 4'/, 
feet of */s-inch pipe on both air and oil intakes. This length of pipe allows 
the burner to project down until the tip clears the inside of the crown arch. 
Both of these pipes are equipped with ground union fittings at the top, 
so that they may be quickly fitted to or detached from the header. 

Eighteen burners is the maximum in use at one time. Eleven on the 
full fire chamber, and seven on the oxidizing chamber. 

_ The sketch shows a burner in place, with relative positions of crown, 
bagwall, and ware. Number one ware is obtained next to the bag wall 
in spite of the short hot flame necessitated by this construction. A strong 
draft must be maintained to distribute the heat, or over-burned ware 
along the bag wall will result. 


Conclusions 


This kiln gives uniform burns of a fine quality ware, and with but a 
fraction of the labor necessary on coal fired kilns. 

Complete data on oil and power consumption is available, but is con- 
sidered misleading and useless as general information for two reasons. 
(1)—This particular plant has never used any fuel but oil, so that a 
comparative analysis of fuel values is impossible. (2)—Each separate 
installation has so many different and distinct factors which affect fuel 
consumption that data on this certain case would not apply to any other, 
and might serve to mislead, rather than to assist. 

However, the writer is enough of a believer in fuel oil to state that this 
concern has been successfully meeting active competition of coal fired 
plants for more than eleven years. And in the end, survival is the acid 
test of any system. 


Fort Iowa 


COLD END COMPENSATION ON A PYROMETER SYSTEM! 


By CHARLES B. THWING 
ABSTRACT 


Attention is called to the fact that every measurement involves two quantities and 
that failure to correctly determine either leads to erroneous results. 

The large cold end variation present in the usual method of mounting thermocouples 
in brick kilns is pointed out and an improved method shown. 

Various plans for converting the cold end error are described. 


The measurement of temperature is by no means a simple operation 
because it cannot be measured directly by comparison with a unit of the 
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FIG.1 


same quantity repeated a 
suitable number of times as 
length or weight is measured. 
Measurement can only be 
made indirectly by its effect 
on a quantity that can be 
directly or indirectly mea- 
sured. ‘ 

Kiln temperatures are now 
measured by the thermo- 
electric pyrometer, a device 
in which temperature changes 
produce an electric current 
which, in turn, produces the 
mechanical movement of a 
needle across a scale. The 
first operation in making a 
measurement of length with 
a micrometer, for example, 
is to test the zero of the 
micrometer, that is, to mea- 
sure zero length to see if the 
point of reference agrees with 
the zero mark on the scale. 
Again, in surveying, it is just 
as important that the chain- 
man who follows, place his 
end of the chain at the center 
of the pin as that the forward 
man set the next pin exactly 
at the end of the chain. 


No chemist would make a weighing with a sensitive balance without 


first testing the zero of his balance. 


These are common places to men 


1 Presented before Heavy Clay Products Division, Pittsburgh Meeting, Feb., 1923. 
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accustomed to making the measurements referred to but persons unaccus- 
tomed to the use of pyrometers are prone to forget that a thermocouple 
has two ends, one of which is the point of reference. To ignore the fact 
that the point of reference may be, and commonly is, in error, sometimes 
by a seriously large amount, is to fail to get the full benefit of the pyrom- 
eters. For this reason the discussion of the cold end error and the various 
methods which may be used to avoid or to correct it is of great importance. 

The nature of thermo- 
couples is shown in the figures 
which follow. In Fig. 1 is 
shown a closed circuit com- 


posed wholly of copper wire 
with heat applied to a point HB th 
in the circuit. Whatever 

‘thermo-electromotive force is 


generated between the hot Cu Cu 
junction and the meter in one 
branch of the copper wire is 
exactly balanced by an equal 
electromotive force in the other 


Ni 

branch and no deflection of mn Ti 
the meter results. ith 

In Fig. 2 a section of nickel Ni 
wire has been inserted in the we 
circuit and heat from a bunsen ] 
burner applied to one copper- 
nickel junction while less heat 
from a candle is applied to 
the other junction with the 
result that the needle is de- bed 
flected, 1 FIG.2 

Cc 


If while the bunsen burner 
continues to supply a constant quantity of heat to junction H we 
remove the candle from junction C, the deflection will be increased. 
If we cool junction C with ice a further increase in the deflection will 
result. 

In Fig. 3 we have replaced a portion of the copper wire forming junction 
H with a more refractory iron wire which in turn is joined to the copper 
wire near C to form the typical thermocouple joined by copper leads to 
a meter, in other words a pyrometer uncompensated for the cold end 


error. 
The candle remains in place as a reminder that heat is always being 
supplied to the cold junctions, varying in amount as thie flame is blown 
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by currents of air or as the candle burns down. It should be remembered 
that the meter is affected not only by the temperature of the hot junction 
but by that of the cold junction as well. 

The problem is to provide means of eliminating from the meter readings 
the effect of changes in temperature at the cold junctions. 

In Fig. 4 is shown a common method of mounting a thermocouple in a 
brick kiln. The cold ends are protected from the weather by a metal 
head which readily absorbs heat from the kiln and from the sun in daytime 
quickly radiating it away to the sky at night and in cold windy weather. 
The cold end variations are 
excessively large. 

In Fig. 5 the small metal 


po orgy cap is replaced by a large brick 


box permitting the cold junc- 
Hy | tions to be set farther above 
the kiln crown where they 
are less affected by the heat 
from the crown. A_ heavy 
Cu |} Cu tile cover not only keeps out 
rain but screens the junc- 
tions from the sun and pre- 
iC vents loss of heat by radia- 
j tion at night. 
Ventilating openings on all 
sides allow a circulation of air. 
In summer all are left open, 
in fall and spring those on 
7 the north and west may be 
closed, while in the coldest 
weather all openings are 
FIG.3 closed. 
St 1, This plan reduces the daily 
and seasonal variations in the 
cold end temperature by fully one-half and is therefore a distinct step 
in the right direction gained at a nominal cost. 

The error still remaining is, however, too large to be neglected. Some 
of the methods which have proved practical solutions of the problem will 
now be described. Several other schemes, some of which are theoretically 
correct but not workable under the conditions found in a brick plant, will 
be passed over so that attention may be focused on the few that are work- 
able. 

All of the plans to be described involve chasing the enemy away from 
the top of the kiln to a position where it can be more easily vanquished. 
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This is done by extending the thermocouple to a new position by the use 
of compensating leads which may be of the same material as the thermo- 
couple or of other materials which, for the lower ranges of temperature 
match the couple itself. In most cases one of these compensating leads 
is of copper. This practically cuts the resistance of the leads in two since 
the resistance of all thermo-electric alloys is very high compared with 
copper. It also reduces the cost. In the case of platinum couples this 
reduction in cost is the important factor. 

The first method to be described was invented and patented by the writer 
in 1907 when portable pyrometers were almost the only ones in use. The 
device was based on the prin- 
ciple that if the zero of the 
needle is set to read the tem- 
perature of the cold end there 
will be no cold end error. 
This condition was met by 
making the connection of the 
control springs of the galva- 
nometer, not directly to the 
shaft carrying the coil and 
pointer, but through the in- 
termediary of a spiral of ther- 
mostatic metal which auto- 
matically sets the zero of the 
instrument to read room tem- 
perature. (See Fig. 6.) As 
stationary indicators and re- 
corders come into general use 
these were centrally located at 
distances too great to carry 
the cold ends because of the 
high resistance introduced and 
the plan was abandoned, to 
be revived in recent years 
since high resistance galva- FIG.4 
nometers have become com- ee 
mon. It is now considered valuable enough to be a source of litigation. 

Fortunately for the art of pyrometry other good plans are open each of 
which has its advantages. The choice of the one to be used may vary 
with the conditions prevailing at the plant. 

By the plan described above the couples are extended to the meter and 
no attempt is made to control the cold end temperature. By the other 
plans to be described the cold ends are brought to one or more points which 
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are maintained at a tempera- 
ture practically constant and 


| VENTILATOR | 


— the zero of the meter is set 
T at that temperature. 
Accustomed as we are to the 


large and frequent changes 

| of atmospheric temperature 
| } which prevail in the temperate 

zone it comes to us as a dis- 
tinct surprise when we are 
first told that a dozen feet 
below the surface of the ground 
these changes fade out and 
the temperature does not vary 
more than 10°F during the 
year. All we need do there- 
fore is to sink a closed pipe 
10 or 12 feet below the sur- 
face of the ground and carry 
the cold junctions to the bot- 
tom of this pipe. Such a cold 
FIG.S_ end well is shown in Fig. 7. 
Other wiring schemes are il- 


lustrated in Bulletin, Bureau 
of Standards, No. 170 on 
“Pyrometer Practice.”’ 

It is, of course, necessary to 
sink the well at a point at least 
20 feet distant from any ducts 
or pipes carrying hot gases or 
steam. 

In situations where the con- 
ditions are not favorable for 
the cold well plan a_ third 
device, that may with proper 
precautions be made to serve, 
is the steam jacket. By this 
plan the junctions are carried 
in a pipe surrounded by a 
closed jacket to which steam 
of low pressure is admitted 
through a narrow opening at 
the top and allowed to escape 


BIMETALLIC 
Coir 


= 
FIG.6 
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to the open air at the opposite end below, thus maintaining the junc 
tions approximately at 212°F (100°C) for which temperature the meter 
is set. For the successful operation of this plan care must be ex- 
ercised to keep the box constantly sup- 
plied with steam, a condition which 
is not always easy to maintain in cold 


THERMOCOUPLE 


weather. 

A fourth plan, which may be em- 
ployed at any plant having electric 
current continuously available, is the 
thermostatically controlled junction 
box shown in Fig. 8. The compensat- 
ing leads are joined to the copper leads 
at a point near the center of the box. 
The box contains a heating unit 
which is automatically cut out of 


COLD-END 
EXTENSIONS 


circuit by a thermostat as soon as 
the temperature of the box reaches 
120° and connected when the tem- 
perature falls below 120°. The box Fic. 7. 
has a heavy cork insulation so that 
very little current is required to maintain the temperature. 

The 120° temperature is so near the average temperature of the 
cold ends that any brief cut 
ting off of the line current would 


COLO-ENO 
TERMINALS 


COMPENSATING LEADS 


produce but a small error as 


LINE 
compared with that produced 


by a failure of the steam supply 
when steam is used. 
wan x The box may be located in 


any convenient place which 
will give minimum length of 


7 extension leads. 
OOK If the pyrometer system is 
not compensated for cold end 


error it would be well to make 


CORK 


an experimental determination 
of the magnitude of the error 
cu during at least one burn. This 


FIG.8 can be easily done in either of 
two ways. The first is to con- 


nect to the terminal of a couple in parallel with the copper leads a pair of 
compensating leads long enough to reach the bottom of a cold end well, and 
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connect them to one of the recorders or to one connection of a multiple re- 
corder so that simultaneous records are obtained from the compensated 
and uncompensated couple. 

The second way is to place alongside the cold junctions of the couple 
the bulb of a low range recording thermometer and record the temperature 
throughout the burn. When the experiment is completed, the recorder 
can be hung in your office with the bulb outside the building to check the 
stories of the various local weather observers. 

If the pyrometer system is compensated it will be of interest to know 
whether the results of its use justify the added cost, and also whether 
the recorded finishing temperatures check more nearly with the cones 
than is customary with uncompensated systems. 


THWING INSTRUMENT COMPANY 
PHILADELPHIA, Pa. 


INSULATION OF PERIODIC KILNS! 


By J. H. Kruson 

The cost of the burning of the ware is one of the important items of 
expense in all classes of ceramic manufacture and the fullest utilization 
of the heat developed has been the consideration prompting the develop- 
ment of the continuous kiln. Continuous kilns have been designed by 
engineers to conserve for useful purposes the calories developed in the 
furnaces. 

The majority of periodic kilns have been built without the services of 
an engineer or an understanding of the flow of heat through the masonry. 
There have been relatively few changes in the design of the periodic type 
of kiln for many years and the advisability of eliminating heat losses 
through the use of insulating materials has been given very little consid- 
eration. 

Advantages of Insulation 

Proper kiln insulation not only results in greatly reduced burning costs 

but brings about other advantages. A much more uniform distribution 


of heat is made possible, which 
THERMAL CONDUCTIVITY OF 
eliminates the necessity of INSULATING AND REFRACTORY MATERIALS 


forcing the fires and overheat- oe | HA 
ing the hotter portions of the 
up to the desired temperature. 
rhe outer walls are protected at 
i Pantera | jc ee 
changes, reducing the danger of ‘ Brit oan 
‘racks developing with resultant 
cracks developing with resultan “ail 
air infiltration. | 
As is generally known, heat 
may be transmitted in three gq ,.oOTrrr 
ways; namely, by conduction, Pe TT 
radiation and convection. Of 
these, conduction plays the LL 
| wit | 
most important part in con- 
nection with kiln design and ooLLtltllIIIIIlItiitttTytTrtyrt 
. 200 400 600 800 /000 /P00, /400, 1/600, /800, 2000, 2200, 2400 
the amount of heat which will OCOREES PANAENMEIT 
be conducted can be reduced ie 


or practically eliminated by in- 
stalling as a component of the wall, a layer of material having a relatively 
low conductivity and high thermal resistance. 

At least 25% of the heat generated in burning a kiln is lost by conduc- 
tion through and radiation from the brickwork, and a considerable amount 


1 Presented before the Refractories Division, Pittsburgh Meeting, Feb., 1923. 
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used in heating the large volume of brick in the side walls, crown, flues 
and the earth on which the kiln is built. On the average yard the heat 
loss sustained in this way is more than 25% of the fuel used. 


Methods Used to Reduce Losses 


Many attempts have been made to reduce radiation losses. One com- 
mon method was the ‘‘dead air 
space” between the furnace 
lining and the outside wall. Air 
is a very poor insulator, how- 
ever, and after the furnace lining 
attains a high heat, the air will 
conduct the heat to the outer 
wall faster than even the densest 
refractory material. This 
method is effective in low tem- 
perature work but at the tem- 
peratures employed in burning 
brick, air currents are es- 
tablished which entirely nullify any possible advantage of this construc- 
tion as a means of retarding heat flow. ‘The fallacy of the theory that air 
is an insulation is very conclusively disproved by Kay and Kreisinger.! 

Hollow tile and double crowns 
with an air space between have 


Fic. 2. 


also been used but these 
methods have never been con- 
sidered effective, as here, too, 
the air space is highly con- 


ductive. 

While the use of walls four to 
six feet in thickness reduces 
loss of heat from radiation dur- 
ing the burn, the great mass 
of brickwork must be heated. 
It assimilates nearly as much Fic. 3. 
heat as would be lost by con- 
duction through a thinner wall. Furthermore, the thick walls are expensive 
(in material and labor) and occupy needed space. 


Method of Insulating Kilns 
Figures 2 and 3 show a kiln under construction in which insulating brick 
are being used. The wall of this kiln is 27 inches thick; composed of a 
1 “The Flow of Heat through Furnace Walls,” Bur. of Mines, Bull. 8 (1912). 
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13'/o-inch fire-brick lining, 4'/2 inches of Sil-O-Cel insulating brick and 
Y inches of fire brick on the outside. Common brick would, of course, 
be satisfactory for the outer wall. 

The wall was bonded with metal wall ties, 12 inches long, extending 
across the insulation and approximately 4 inches into the other brick on 
both sides. In other instances where insulating brick have been used 
the walls have been bonded with fire-brick headers. The crown of this 
kiln was covered with insulating brick laid flat, 2'/. inches thick. ‘These 
in turn were platted with a 1'/s-inch split fire brick. A special mortar 
is used with these insulating brick composed of the same material 
and prevents heat leakage through joints. 

This particular kiln is used for the burning of refractories. In the 
case of kilns which are burned at temperatures of less than 2100° or 22C0°F, 
* a 22'/,-inch wall with 9 inches of refractory brick on the inside of the in- 
sulation would be amply strong and at the same time be very economical 


in fuel consumption. 


Insulation of Kiln Bottoms and Flues 


The volume of heat absorbed by the masonry work supporting the 
kiln floor and walls, the earth or artificial bottom on which this foundation 
is built and the flue from the kiln to the stack is not noticed and seldom 
gets any consideration. Without question there is a great loss of heat 
units, due to the conductivity of the materials on and of which the kiln 
is built. Also, the temperature of the gases in the stack flue, three to 
five feet from the kiln, average from 1100° to 1500°F depending on tem- 
peratures reached in the kiln. (Often the kiln is on light fire.) 

Insulating materials have made marked savings when used in kiln 
structures above the ground, and also should serve as well when used to 
eliminate excessive flow of heat in the ground and foundations of kilns. 

There should be other advantages besides the amount of heat units saved 
from soaking into the earth. 

1. The time generally required to bring the ware, in the bottom of 
the kiln, up to a finishing temperature ought to be materially shortened. 

2. The draft should be improved during the early portion of the burn 
as the stack temperature would be increased from heat units which for 
merly lodged in the kiln bottom or foundation. 


Fuel Savings Due to Insulation 


At present there are comparatively few kilns thoroughly insulated, 
yet many of these have been in service long enough to determine whether 


or not insulation pays. 
Out of eleven plants using insulating material on their kilns, five report 
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a saving over 15%, some as high as 25%, while the balance report they 
do not know their exact saving in fuel, but estimate it around 15%. 
Twelve plants, using it only on the crowns of kilns, report a saving of 
from 10 to 15%. 
The kiln shown in Figs. 2 and 3 is burning on an average of 17% less 
fuel than the other kilns on the same yard. However, it has a few small 
changes in design which might be responsible for a part of the savings. 


Exterior Crown Temperature Much Lower 


The value of insulating kilns, however, is very obvious, regardless of 
whether fuel consumption records are kept. In the kiln under discussion 
for instance, the temperature of the crown was found to be approximately 


LFFECT OF INSULATING CERAMIC A/LN WITH 
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225°F less than the average of the uninsulated crowns on the same yard. 
‘The comparison in crown temperatures is indicated in the chart, Fig. 4. 
Furthermore, it was found after several burns of this kiln that the total 
furnace area could be reduced about 10% and still have ample capacity 
to produce heat as fast as it could be absorbed by the ware. 
These are all direct proofs of the value of insulating material. 


Crown Construction 


Because insulated kiln crowns have collapsed an unwarranted prejudice 
has developed. ‘The crown is exposed to the highest temperatures and 
must be carefully built of a good quality refractory brick capable of carry- 
ing the load imposed on it without losing its form. In insulated kilns 


| 

| 
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the crown brick free themselves of the heat readily and seldom approach 
a state of vitrification where they are liable to fail, allowing the crown to 
fall. Where a good refractory is used there is no danger in insulating 
crowns and some crowns insulated are still in good condition after five 
or six years of use. The insulating brick, being light in weight, allow the 
crown free action in adjusting itself to expansion and contraction. Figure 
5 shows the interior of a crown after it has been burned twelve times. 
The kiln is in excellent condition, showing no signs of failure. A high 
grade dry pressed brick was used. 


Cost of Insulating 


Because the initial price of insulating brick is somewhat higher than a 
high class fire brick, it has been considered by some as too expensive a 


_material to use. 


In covering the crown, there would accumulate the extra expense of 
laying the brick and perhaps a little extra care in putting on a good platting 
course over the insu- 
lators. The cost of in- 
sulating crowns, how- 
ever, is repaid many 
times over. ‘Take for 
instance, a kiln using 
60 tons of $5.00 coal 
per burn. A saving of 
12% due to crown in- 
sulation is a conserva- 
tive estimate and this 
would amount to $36.00 
per burn in this case. 

The average uninsu- 
lated kiln walls are 


three to four feet in eS 
thickness. On a 30-foot 
round down-draft kiln there would be a saving in construction of a 22'/s-inch 


wall, approximately 32,000 common brick, plus the cost of laying. In 
the 27-inch wall the saving would be 24,000 common brick, plus the cost 
of laying (wickets and fire pockets not considered in these calculations). 
This saving in material and labor would go far toward making up the 
difference in first cost between an insulated and an uninsulated kiln. 


Different Forms of Insulation 


Insulating material can be had in the form of brick or powder. ‘The 
powder is somewhat cheaper than the brick and is ideally adapted for pack- 
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ing hollow walls and where no structural strength is required of the insula- 
tion. 

An underburned silica brick has considerable insulating value, yet when 
properly burned their conductivity is somewhat higher than that of fire- 
clay brick. Their physical properties are such that they cannot be used 
in a periodic kiln lining or crown. 

Insulating brick of an inferior quality can be made by mixing sawdust, 
coal slack or grain with the clay before burning. 


Large Savings Possible throughout Industry 


The value of insulating materials has been recognized for many years 
by other industries, such as oil refineries, steel mills, central power stations 
and gas plants, enameling and japanning, etc. Insulation has been prac- 
tically a standard part of the construction of equipment used in these 
industries. 

On a single yard, using 60 tons of $5.00 coal per day, the saving would 
be $16,425 per year and this indicates the enormous possibilities for sav- 
ings throughout the entire industry. 


A. P, GREEN FrrReBrRICcK Co. 
Mexico, Mo. 


THE TRANSFER OF HEAT THROUGH REFRACTORIES AND ITS 
DETERMINATION 


By A. S. Watts anv R. M. Kino! 
ABSTRACT 

This paper gives a review and bibliography of the literature on heat conductivity 
of refractories, as well as a description of a proposed method for the determination of the 
heat transmitting abilities of refractory materials. In the development of this method, 
standard apparatus, standard conditions, and standard operations were held as desirable 
and to a practical extent were obtained. It is believed that this method may be profit- 
ably used in testing and control laboratories for securing heat transfer data for refractory 
materials. The heat transfer values of several refractories, as determined by this method, 
are given and it is pointed out that this value closely approaches the resultant of all 
the forces which are acting to produce heat transmission. 


Introduction 


The importance of knowledge concerning the heat transmitting ability 
of refractories is recognized. Many methods have been devised with 
more or less conflicting results. An analysis of these various methods 
reveals that they differ only in detail. The general procedure has been 
to obtain in some manner the amount of heat that flows through a test 
piece of known area and thickness in a given time, and to obtain the tem- 
perature of each face of the test piece. 

Review of the Literature.—The heat conductivity of various materials 
has been studied by many but mostly with materials other than refrac- 
tories. 

Pennock.—Probably the first work done on the heat conductivity 
of refractories was that of Pennock.* Cylindrical cores were cut. A 
combustion chamber was built in the center of a large steel drum and the 
space between the drum and the chamber was filled with glass wool. Four 
test cores were placed halfway between the bottom and the top of the drum 
at right angles on line of the diameters. One end of the cores extended 
into the combustion chamber and the other end extended outside the drum. 
The combustion chamber was heated with a blast lamp and the rate of 
temperature rise at the cold end obtained. 

H. A. Wheeler.—The next work was by Wheeler.* His methods 
were crude and results very inaccurate. 

1 The experimental data in this paper were obtained by the junior author in con- 
nection with the preparation of a thesis submitted by him to the Graduate School of 
Ohio State University in partial fulfilment of the requirements for the degree of Master 
of Science in Ceramics, June, 1923. 

2 J. D. Pennock, “Laboratory Notes on the Heat Conductivity, Expansion and 
Fusibility of Fire Brick,’’ Trans. Amer. Inst. Min. Eng., 26, 263-9 (1896). 

3H. A. Wheeler, “Heat Conductivity of Refractory Clays,’ Trans. Amer. Ceram. 
Soc., 6, 119-40 (1904). 
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Fitzgerald and Hutton and Board.—Fitzgerald,! and Hutton and 
Board? in 1905 were not very direct and refined in their methods. The 
materials employed for the tests were in powdered form. 

Clement and Egy.—The first extensive work done on refractory 
materials in fabricated form was by Clement and Egy.’ Heat was gen- 
erated by a standardized coil, placed inside a hollow refractory cylinder. 
Heat transmitted through the walls of the cylinder was determined from 
heat input calculations. The temperatures employed at the hot face 
ranged from 400°C to 900°C. 

Wologdine and Queneau.—At about the same time Wologdine‘ and 
Queneau completed a still more extensive investigation at much higher 
temperatures and with a larger number of refractories. Small refractory 
plates were heated by means of a gas burner until equilibrium was reached. 
Hot face temperatures of 1000°C and 1350°C were employed. Thermo- 
couple readings were taken at varying depths. The heat flowing through 
the piece was measured with a calorimeter. They found that permeability 
of a refractory to gases varied enormously with the temperature and pointed 
out that this should be taken into consideration with heat conductivity. 

Nusselt.—In 1909 Nusselt® used two concentric spheres with the 
powdered test material packed between. The inner sphere was of copper 
and heated with a platinum resistor. ‘The outer sphere was of zinc. Tem- 
peratures were measured by thermocouples. The maximum teniperature 
used was 600°C. 

Hering.—In 1910 Hering*® recommended a test piece with no ‘“‘lateral 
sides.”” He stated that a hollow sphere would make the ideal test piece, 
although impractical. He used a hollow cylinder open at one end, the 
closed end being rounded to a hemisphere. This was filled with a material 
which melted and kept molten at a fairly high temperature. This was 
done by means of heating coil. The test piece was immersed in a con- 
stant temperature liquid. 

Fitzgerald.—F. A. J. Fitzgerald’ in 1912 worked under conditions more 
nearly approaching those of an operating furnace. A furnace was built 


1F. A. J. Fitzgerald, ‘‘Heat Conductivity and Heat Insulating Materials,’ Elec. 
& Met. Ind., 3, 291-2 (1905). 

2 Hutton and Board, ‘Heat Insulation,” Jour. Soc. Chem. Ind., 24, 802 (1905). 

3 Clement and Egy, ‘““The Thermal Conductivity of Fire Clay at High Tempera- 
tures,” Ill. Eng. Expt. Sta., Bull. 36, Aug., 1919. 

4 Wologdine and Queneau, ‘The Conductivity, Porosity and Gas Permeability of 
Refractory Materials,” Elec. & Chem. & Met. Ind., 7, Sept. and Oct., 1909. 

5 Nusselt, ““The Thermal Conductivity of Heat Insulators,’’ Engineering, 87, 1 
(1909). 

6 Carl Hering, ‘““Thermal Conductivity,’’ Met. & Chem. Eng., 8, 627-8 (1911). 

7F. A. J. Fitzgerald, ““Experiments on Heat Insulation,” Jour. Amer. Electrochem. 
Soc., 21, 535-44 (1912). 
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of the materials to be tested and heated by a nichrome resistor coil. The 
heat input was calculated from the power input, it being assumed that 
all heat going in was transmitted through the walls. 

G. H. Brown.—In 1914 Brown! carried out an investigation under 
furnace conditions. Cylindrical test pieces, five inches in diameter and 
ten inches long, were placed in the wicket of a kiln so that one inch pro- 
truded on each side of the wall. The test piece was insulated from the 
wall by a bedding of kieselguhr. Holes were bored perpendicular to the 
axis, one inch from each end, and temperatures taken at these points by 
thermocouples. The rate of rise of temperature was determined. 

Heyn.—Heyn? placed a test piece, in the shape of a brick, in the center 
of a wall of like material. A refractory plate was fitted against one side of 
this wall. This plate was heated by a granular carbon resistor furnace. 
. Thermocouples were fitted at varying intervals in the test piece and the 
conductivity was calculated from the rate of rise of temperature. 

Dudley.—In 1915, Dudley* worked with a large furnace fired with 
coke. The heat passing through the walls was measured by a calor- 
imeter of special construction. Readings were taken at 1000°C on the 
hot side after equilibrium was reached. 

Dougill, Hodsman and Cobb.—It was also in 1915 that Dougill, Hods- 
man and Cobb‘ published the results of an investigation of Wologdine 
except that a calorimeter of the guard ring type was used and the higher 
hot face temperatures were measured with an optical pyrometer. Con- 
ductivity is influenced by the porosity of the test piece, and when the 
pores are small, the radiation from wall to wall of the cavities is negligible 
at ordinary temperatures. A calculation showed that in pores of a size 
ordinarily found in refractories, the heat transmitted by radiation and 
convection was equal at 3910°Abs. or 3637°C. Another interesting 
comment of theirs was that heat transmission across a brick was depen- 
dent on the heat capacity of the material and that the thermal diffusivity 
may be of more importance than thermal conductivity. Thermal diffu- 
sivity was expressed as follows: 

Thermal diffusivity = K/cs = the rise in temperature produced in 
1 cc. of the substance by one calorie flowing in one second through one 
square centimeter of a layer one centimeter thick having a difference of 
1°C between the faces. 

1G. H. Brown, ‘“The Relative Conductivity of Fire Clay and Silica Refractories,’ 


Trans. Amer. Ceram. Soc., 16, 382-5 (1914). 

2 E. Heyn, “The Thermal Conductivity of Building Materials,’ Stahl. u. Eisen, 
34, 832-4 (1914). 

3 Boyd Dudley, ‘‘The Thermal Conductivity of Refractories,’’ Jour. Amer. Chem. 
Soc., 27, 284-7 (1915). 

4 Dougill, Hodsman and Cobb, “The Thermal Conductivity of Refractory Ma- 
terials,” Jour. Soc. Chem. Ind., 34, 465-71 (1915). 
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c = specific heat of material 

s = specific gravity of material 

K = thermal conductivity. 


Roy A. Horning.—Roy A. Horning! described a method for obtaining 
heat transmission by the hot plate method. 

An electric resistor unit was used, which covered a large area, and the 
amount of heat liberated over a small area in the center of the resistor 
measured. Between this resistor and the insulating material tested and in 
contact with the latter, a steel plate was placed. On the other side of the 
test piece was placed a hollow metal jacket through which water passed 
during the test. Temperature measurements taken with thermocouples 
within the area were considered the most representative of the entire 
heated area. It was decided that a small area at the center was less 
subject to errors, such as edge loss, etc. By this method both the heat 
input and heat output were measured, the former being measured by the 
amount of electrical energy used and the latter from the amount of water 
flowing and its rise in temperature. 

Griffith.—Griffith? developed a method in which he used a molten 
metal bath to heat the hot face of the test piece at low temperatures, and 
a hot plate at the higher temperatures. Temperatures were obtained 
by means of thermocouples and the amount of heat transmitted was 
determined by means of a guard ring calorimeter. 

R. D. Pike.—In a recent publication, Pike*® proposed the use of a con- 
ductometer. A standard test piece of known and another of unknown 
conductivity were placed in series, with all sides completely insulated. 
Heat was applied by means of a gas burner and the temperatures obtained 
by thermocouples. 

Green.—The latest method for determining heat conductivity of 
which we have knowledge is that used by Green.* 

His method presupposes: 1. The maintenance of an even and 
constant temperature on the hot face. 

2. The accurate measurement of the rate of rise of temperature for 
any isothermal plane at a known distance from the hot face. 

A wall was made of nine-inch brick of the material to be tested. These 


1 Roy A. Horning, “Methods of Making Thermal Conductivity Tests and the 
Transmission of Heat through Brick,” Trans. Amer. Ceram. Soc., 18, 192-202 (1916); 
“Heat Transmission of Brick and High Temperature Insulating Materials,” Jour. 
Amer. Ceram. Soc., 3, 865-76 (1920). 

2 Griffith, ‘“The Thermal Conductivity of Materials Employed in Furnace Con- 
struction,” Trans. Faraday Soc., 21 (1, 2, 3), 192-206 (1917). 

3 R. D. Pike, ‘‘Need for More Refractory Heat Insulators and Proposed Conductom- 
eter for Measuring Thermal Conductivity,’’ Jour. Amer. Ceram. Soc., 5, 555-63 (1922). 

4 Green, ‘“The Thermal Conductivity of Refractory Material at High Tempera- 
tures,” Trans. Ceram. Soc., 21 [4], 394-410 (1921-22). 
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were placed so that their lengths indicated the direction of heat flow and 
the central brick of the wall was regarded as the test piece. The rate 
of rise of temperature was obtained at a specified distance from the hot 
face. Heat was applied to the refractory test piece by contact with a 
bauxite plate which was heated by a graphite resistor furnace. The 
results were calculated by the use of: 


9 


V3. 
= the temperature of the hot face. 
= the temperature of an isothermal plane parallel to the hot face 
after a time ¢. 

= the distance of the hot face from the isothermal plane. 
he the thermal diffusivity of the material. 
B= 2Vkt 
The thermal conductivity was calculated from the thermal diffusivity 


as follows: 
k'=kXcecxXs 
= the thermal conductivity 
= the thermal diffusivity 
the apparent specific gravity 
= the specific heat. 


where 


There have been many publications other than those cited here which 
deal with the various theories of heat transfer and also the calculations 


Fic. 1.—Back and front views of furnace. 


involved. Notable among these are those of Langmuir and of Hering, 
which have appeared in the Transactions of the American Electrochemical 
Society and in Metallurgical and Chemical Engineering. 


x 
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Classification of Methods: The methods reviewed may be classified 


in two general types: . 

A. The rate of rise in temperature in a refractory is measured. This 
involves the measurement of temperature and time. 

B. ‘The temperature of two surfaces, a given distance apart and the 
heat flowing from one surface to the other, measured. 

The latter type has been more generally used. 

The methods of securing data are: 

1. The Hot Plate Method. A hot metal or refractory plate in contact 


with the surface of the test piece. 


Fic. 2.—Furnace before assembling. 


2. The Molten Metal Method. A bath of molten metal in contact 
with the surface of the test piece. 
3. The Gas Chamber Method: 
(a) Heat applied by means of a gas burner and against the test 
piece. 
(b) Heat generated by means of an electric resistor coil and the 
test piece exposed to heated atmosphere. 


The Investigation 


Object of Investigation.—Need has been felt for a practical laboratory 
method for determining the heat transfer of refractories and this investi- 


f 
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gation is an effort to supply this need. Refinements have been made con- 
sistent with this purpose and due consideration has been given to the cost 
of the apparatus. 

Basic Assumptions.—Heat may be transferred by: (1) Conduction; 
(2) Convection; (3) Radiation. 

It is recognized that the phenomena of absorption and emission have 
a marked influence on the heat transferring ability of a refractory. In 
other words, one refractory may absorb and concentrate more heat on 
the surface, and hence a temperature reading on a face of one might not 
be as representative of the true heat potential as would be a temperature 
reading on a face of another refractory. Also a given refractory may have 
less ability to emit heat from the colder surface. 


a 
Q 
a 


Fic. 3.—Furnace assembled. 


The Preliminary Work.—The senior author began this investigation 
with determinations of the temperature gradient characteristic of the 
various refractories. Refractory splits were placed before the doorway 
of a Hoskins Type FB 204 electric furnace. Sil-O-Cel cleats were fitted 
over the ends and sides so as to cut down edge loss. The furnace was 
heated to the maximum attainable temperature, allowed to reach equi- 
librium and temperatures taken of the hot face exposed to the furnace 
atmosphere and of the cold face exposed to room atmosphere temperature. 
The temperature of the furnace was also taken two centimeters distant 
from the hot face to determine to what extent the contact couple was affected 
by the heat conductivity of the specimen. 


— 
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This work was followed by similar but more refined investigations. 
The same furnace was used but the test pieces were placed in an insulating 
frame work made of Sil-O-Cel brick. (See Figs. 2 and 3.) Such a frame- 
work affords an insulation between the test piece and the furnace front 
and aids in cutting down heat losses around the edges and insures a flow 
of heat normal to the faces of the test specimen itself. 

A sheet of asbestos '/i5 inch thick was placed in front of the cold face 
of the test piece forming an air space about two centimeters thick. This 
cut down inaccuracies in readings due to drafts. ‘Temperatures were 
obtained as in the previous study. 

The results were expressed in terms of a standard. Hard steel, 
a high conductor, was first used as a standard and Sil-O-Cel an insulating 
material was used later. Results of these studies are given in relative 


values with those for fire-clay refractory as unity. 
First study Second study 


1.070 
Firefrax (86% 2nd Grade SiC).............. eae 0.584 


The heat conductivity formula was not fully satisfied by the data ob- 
tained, as account had not been taken of the quantity of heat flowing 
through the test piece. 

Observations and Calculations Used in Further Work.—The assump- 
tion is made first that the formula: 


Q=K 


holds for heat conductivity, and second that the same formula holds for 
heat transfer, or 


where H is substituted for K and is called the heat transfer constant. 
T and T’ were first determined for a refractory selected as a standard. 
In calculating results the formula was as follows: 


QO = Ai ‘ : 
d 
Q=H At 
T, — T,’ 
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(s denotes values obtained on standard). 
Then, if by the conditions of the test, we have, 


Q =Q, 
d =d, 
H, =1 
A =A, 
t 
We then have 
H(T—T) |. 


The value H/H, is the value sought. 

If d and d, differ appreciably, these values can be kept in the formulas 
and in this way make correction for the difference. 

Apparatus.—(a) Furnace.—A standard, type 56 furnace, made by 
the Electric Heating Apparatus 


Company, was used. 
(b) Thermocouples.—Chromel- 
Alumel couples were used. No. 


6 gage wire was used for the 


— 


higher temperature measure- 

T Aa 
ments and No. 14 for lower FRONT VIEW 
temperatures. 


(c) Potentiometer.—A Leeds 
and Northrup Indicating Poten- 
tiometer was used for tempera- 
ture measurements. 

(d) Wattmeter.—A Weston, 
Model 432 Wattmeter, 75/150 
volts, 50/75 amperes, was used 


SECTION AA" 


for measuring power input. 

(e) Insulating Front.—This 
is shown in detail in Figs. 4, 
and 6. It will be noted that 
this front is built up of raw Sil- 
O-Cel brick, Sil-O-Cel C-25 
brick, and fire brick. 

(f) Cold Junction Box.—This 
consisted of a block of Sil-O- 
Cel, 3in. x 2 in. x 2 in., witha 
1/,-inch hole bored in the center. 


DETAILS OF BRICK 


INSULATING FRAME WORK 
Fic. 4. 


The cold junction and the bulb of a glass 


thermometer were placed in this hole and powdered Sil-O-Cel packed 
around them. Different type of insulating front is shown in Figures 


=— 
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4, 5 and 6, than is shown in Figures 2 and 3. This was the latest front 
developed and was found to be the most satisfactory. 

Standardization of Conditions.—The value sought was H/H,, where 
H is the heat transfer of an unknown material, and H, is the heat transfer 
of a material selected as a standard. ‘To get this ratio all the values in 
the heat conductivity formula previously given, except H, H,, T’ and T,’, 
are held constant and the desired value calculated therefrom. 

The main problem was to so 
control the power delivered to 
the furnace and to so adjust the 
insulation on the cold face of 
the test piece, that the test 
setting will have the same cold 
face temperature as well as the 
same hot face temperature from 
test to test. 

A Sil-O-Cel block, cut to the 
size of a refractory split, was 
fitted in the pocket of the insu- 
lating front, Sil-O-Cel powder 
being used to pack into all free 
spaces at the edges where heat 
might be lost. 

A thermocouple was placed in 
contact with the hot face of the 


SS 


PLAN COURSE 4 PLAN - CouRsE 3 . 
test piece by bringing it through 
LEGEND 
the back of the furnace and sus- 
a an pending it at the front by means 


of fine crossed nichrome wires. 
A second couple was placed 
in contact with the cold face 
by threading it through the Sil-O-Cel walls of the insulating front. (See 
Fig. 6.) A third couple was brought through the back and the end placed 
near the center of the furnace. This couple was for the general purpose 
of obtaining the temperature of the furnace. 

A sheet of asbestos '/32 inch thick was placed in contact with the cold 
face of the test setting and the bulb of a glass thermometer was pushed 
tightly against this sheet of asbestos to determine the temperature at 
this point. 

The furnace was then heated until equilibrium was reached and main- 
tained for an hour with a hot face temperature of 1000°C+10°. Readings 
were recorded at the beginning and end of the hour. 


INSULATING FRONT 
Fic. 5. 
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A carborundum (Carbofrax B) split was placed in the setting and 
after some adjustment it was found necessary to place a block of Sil- 
O0-Cel two centimeters thick EGEND 
against the cold face of the @MenAheostat F-Furnace 
test piece, in order to secure TP-Test Piece 
7C7hermocouples Main Line Switch 
the same temperature and Front 7-Cold Junchon Box 
power conditions used in the = Y/-Veriable/nsv/etion 
G - Potentiometer 
case of the Sil-O-Cel. In S-termocouple Switch 
° A-7Therm uple Ci och /OCA 
order to have identical radi- 
ating surfaces at the cold face 
of the setting, a sheet of 
asbestos !/3 inch thick was 
placed in contact with this face. 
The furnace was thus stand- 
ardized with materials which 
represent the extremes of the 
conductivity scale for refrac- 
tory materials. It was also 
demonstrated that an insula- 
tion, equivalent to two centi- 


meters of Sil-O-Cel, represents U | row 
the insulating difference be- \Y 
tween the extremes. | Y g \ YY Uy X Uy; 

The ideal way to test ad- |“ YN. 


“SECTION THROUGH FURNACE 
PLAN OF LAYOUT 
Fic. 6. 


ditional refractories would be 
to place them in the setting 
and adjust the insulation by 
varying the number of thin 
blocks of Sil-O-Cel or some other insulating material, placed against the 
cold face of the test piece until the prescribed conditions of temperature 


TABLE I 
Carbofrax B Mag 
a Refractory Sil-O-Cel (92% SiC) nesite Alundum 
Hot Face Temperature T 1012 1009 1004 1011 1017 
Cold Face Temperature T’ 348 954 924 836 841 
T-T’ 664 55 80 175 176 
Cold Face Temperature Test Setting 258 264 249 257 245 
Cold Junction Temperature 40 37 37 36 2% 
Power in Watts 2150 2150 2150 2150 2150 
Right Side Temperature of Furnace 147 147 151 155 153 
Left Side Temperature of Furnace 158 159 163 163 168 
Bottom Temperature of Furnace 197 185 209 198 205 
Top Temperature of Furnace 236 238 243 243 247 
Back Temperature of Furnace 215 218 223 22% 228 
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and heat flow are obtained. Since thin pieces of Sil-O-Cel are not 
easily procurable, it was necessary to resort to the use of thin sheets 
of asbestos over the Sil-O-Cel block. 

For a magnesite split, one centimeter of Sil-O-Cel and fourteen sheets 
of '/3-inch asbestos were necessary to secure standard conditions. 

In Table I are the data obtained while standardizing the equipment 
and conditions. 


Heat Loss Calculations 
It will be noted that, for practical purposes, the temperatures obtained 
from test to test are in close agreement. However, a correction can be 
made for the difference in heat lost by the use of basic formulas for radia- 
tion and convection. The Stefan-Boltzmann Radiation Formula is as 


follows: 


~ 


= K(Tj — T3) 

the total heat radiated 

= a constant depending on the units used 

7, = absolute temperature of the hot body 

7, = the absolute temperature of the cold body. 


Il 


where 


| 


II 


Since we use the same surface units, etc., from test to test we can for our 
purpose consider K = 1. 

Therefore, to get the ratio of heat radiated in a test of an unknown ma- 
terial to the heat radiated in the test of the standard material, we have: 
C — T2 

Values with s subscript are obtained with standard. 
Example.—Assume the temperature of the cold face of the setting for 
the standard material to be 260°C and the air surrounding it to be 240°C, 
and the corresponding temperatures for the ‘“‘unknown”’ setting 255°C 
and 235°C. 


C (273 + 260)4 
7 25 235)4 528* — 508* 


Then ‘a 
273 + 2955) (2 


(273 + 533* — 5134 
( (2 7: 


11,487 x 10° 
= 


11,277 X 10° 
The equation used for convection is: 


R = kit 0’) 

where k = a constant 
t = the temperature of the hot body 
t’ = the temperature of the cold body. 
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Then from the above reasoning and example, we have 
R 260-240 20 
R, k(t; 255 — 235 20 


Experiments with Possible Standards.—This investigation has not 
yet yielded a material which can, with certainty, be chosen as a dependable 
standard. Such a material must be able to stand repeated heatings to 
1000°C without losing its homogeneity, and it must be reproducible in 
all properties. Experiments on raw Sil-O-Cel show that this material 
cracks, splits and checks. Some tests were made on alundum splits. The 
tests indicate that this is a promising material fora standard. Additional 
tests will be made. 

Using alundum specimen No. 1 as a standard and the data given in 
Table I we have the following heat transfer values. 


Alundum Carbofrax B 
H 1 2 Sil-O-Cel (92% SiC) Magnesite 
= 1.000 0.977 0.263 3.39 2 .33 


A, 


Summary and Conclusion 


1. A review of the literature on the subject of heat conductivity has 
been made and the various methods used have been described and classified. 

2. The principles, factors and forces which influence the transfer of 
heat through a material have been discussed. 

3. The story of the development of the proposed method has been re- 
lated. 

4. The apparatus used in the method has been described in detail. 

5. A detailed description of the procedure of carrying out a test has 
been given. 

6. Calculations to secure refinements in results have been carried out. 

7. The method developed for determining the heat transfer of refrac- 
tories can be used as follows: 

(a) For determining the relative heat transfer of refractory materials 
with commercial accuracy. 

(b) For determining the temperature gradient of refractories for any 
desired cold face or hot face temperature up to 1000°C for the hot face 
temperature. Test pieces of any thickness may be used up to the thick- 
ness of a standard straight. 

(c) For determining the effect of various thicknesses of insulating 
materials on the temperature of a refractory. 

(d) For determining the effect of various coatings, and effect of color 
and texture of surface on the temperature gradient, and heat transfer of 


the refractory. 
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(e) For the determination of the rate of heat penetration of a re- 


fractory. 
Note: Acknowledgment is made of the many helpful suggestions given by 
J. Spotts McDowell. 
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METALLURGICAL REQUIREMENTS OF REFRACTORIES 


For Use in the Aluminum Industry' 
By RoBErT J. ANDERSON? 


Introduction 


So far as can be learned, the question of refractories for use in the alumi- 
num industry has been neglected considerably, but this matter is of the 
greatest importance to the producers of primary aluminum and to manu- 
facturers who melt aluminum and aluminum alloys. The question of 
refractories for use in the aluminum industry will be discussed only briefly 
here, but refractory makers can get further information as to the needs 
and requirements of users by consulting with the Non-Ferrous Metals 
Section of the Bureau of Mines. In taking up discussion of the subject 
here, it is convenient to discuss (1) refractories for use in melting sub- 
stantially pure aluminum, and (2) refractories for use in melting aluminum 
alloys, as is done below. 

At the outset, it should be pointed out that refractories for use in alumi- 
num and aluminum-alloy melting furnaces should be considered from 
two different points of view: (1) refractories for the setting of the furnace 
itself, and (2) refractories to be used as the containing vessel or in a hearth 
with which the aluminum or aluminum alloys are in contact. It should 
be pointed out also that while the temperatures employed for melting 
aluminum and aluminum alloys are relatively low (below 800°C usually), 
the corrosive action of liquid aluminum and its light alloys is great, and 
refractories fail in aluminum melting (where the liquid metal is in contact 
with the refractory) by corrosion or eating away of the refractory. 


Refractories for Aluminum Melting 


Referring first to the production of primary aluminum by electrolytic 
reduction, the material used for the furnace linings is carbon, such as 
petroleum coke or gas carbon. In making a furnace for aluminum re- 
duction, a steel shell is lined first with any suitable refractory which has 
low thermal and electrical conductivity, and within this lining a layer of 
rammed lining of petroleum coke is placed. The problem of obtaining 
a good lining for aluminum reduction furnaces at low cost is one of im- 
portance, as is the problem of making electrodes for this work. Petroleum 
coke is expensive, and a source of cheap high grade carbon, very low in 
ash, is desired by the aluminum industry. 

Aluminum from the reduction cell is remelted for pouring into pigs 
or rolling ingots in the plants of producers. The melting is carried out 
usually in furnaces of the reverberatory type, in which fire brick is used 


1 Published by permission of the Director, U. S. Bureau of Mines. Presented 
before the Refractories Division, Pittsburgh Meeting, Feb., 1923. 
2 Metallurgist, U. S. Bureau of Mines, Expt. Sta., Pittsburgh, Pa. 
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for the hearth. Silicon and iron are taken up by liquid aluminum from 
such hearths, with resultant contamination of the metal, and since no 
refining can be done with aluminum as is the case with most other metals, 
it is desirable to eliminate contamination wherever possible. The Baily 
electric furnace, with a lining of fire brick for the hearth, has been used 
for melting the aluminum reduction-cell product. 

In aluminum rolling-mill practice and in wire drawing and other fabri- 
cation of the substantially pure metal, the aluminum is melted in furnaces 
of various types, but usually in reverberatories or other furnaces where 
the liquid metal is in contact with the refractory, for pouring into ingots. 
The principal refractory so far used in furnaces for such melting has been 
high-grade fire brick. The requirements of a refractory to be used in a 
furnace where the liquid metal is in contact with the refractory are: (1) 

‘the property of withstanding temperatures up to 850° or better 900°C; 
(2) the property of withstanding the corrosive action of the liquid alumi- 
num; (3) the property of withstanding temperature changes without 
cracking or spalling; and (4) mechanical strength to withstand blows 
which arise when cold pigs of metal are thrown against the refractory. 
The same properties are required in refractories against which light alumi- 
num alloys are melted. In melting high grade commercial aluminum 
for subsequent drawing into wire, for electrical purposes, it is essential 
to prevent contamination of the metal by impurities which would lower 
the electrical conductivity of the wire. 


Refractories for Aluminum-Alloy Melting 


Aluminum alloys are melted for fabrication into sheets, rods, and shapes; 
for the production of castings in foundry practice; and for the production 
of castings in die-casting and permanent-mold-casting practice. Re- 
ferring first to the production of ingots of aluminum alloys for subsequent 
working, the total amount of fabricated alloys produced is small, and the 
alloys used principally for fabricating include the following: Duralumin, 
for rolling, drawing, forging, and extruding; 98.5:1.5 aluminum-manganese 
alloy for rolling into sheets; certain aluminum-copper alloys for forging, 
as well as aluminum-copper-manganese alloys; and some aluminum-zinc 
alloys for drawing and rolling. The alloys are melted in a variety of fur- 
naces, but chiefly in iron-pot furnaces or in crucible furnaces, unless the 
production is large when reverberatory-type furnaces are employed. 

It is in light alloy foundry practice that the greatest variety of furnaces 
is employed, and if the refractory situation as regards furnaces for foun- 
dry practice can be solved satisfactorily, considerable progress will have 
been made. For founding, aluminum alloys are melted in the following 
types of furnaces at the present time: coal-, coke-, gas-, and oil-fired 
reverberatories; oil- and gas-fired stationary and tilting iron-pot furnaces; 
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coal- and coke-fired, natural- and forced-draft pit furnaces, using a crucible; 
oil- and gas-fired stationary and tilting crucible furnaces; oil- and gas- 
fired open-flame tilting and rotating furnaces; and two or three kinds of 
electric furnaces. The iron-pot furnace is the type favored by foundry- 
men. 

In the case of large reverberatory furnaces, the refractory is usually 
fire brick, and these furnaces are useful where the foundry capacity is 
large, and where large scrap, such as crankcases, is melted. Stationary 
cylindrical furnaces of the new Schwartz type have been installed at two 
or three foundries, and at one plant zirconia is to be tried for the refractory. 
In the case of iron-pot furnaces, the shell is lined with fire brick, and the 
alloy is melted in a cast-iron vessel. The cast iron is usually ordinary 
grey foundry iron, but some pots are made of a mixture of 40% semi- 
steel and 60% Southern foundry iron. Pots of this type fail by stretch- 
ing, scaling, and fissuring, and the average life is only about 40 heats. 
Cast-iron pots also cause contamination of the aluminum alloy with iron, 
and they are not suitable for melting some alloys. Cast-iron pots are 
readily eaten away by liquid aluminum-zine alloys, and they are not 
good for melting duralumin because iron is introduced. Graphite-clay 
crucibles are used in pit furnaces and in crucible furnaces as the con- 
taining vessels. Such crucibles are more readily attacked by alumi- 
num alloys than by brass and bronze. Makers of crucibles state that 
they have a special clay-graphite mix for crucibles to be used for alumi- 
num-alloy melting, and information on this subject would be useful to 
foundrymen. Not a large amount of aluminum alloys, as referred to the 
total output, is melted in crucible furnaces, but in most small foundries 
pit or crucible furnaces are employed for melting. 

In some foundries, open-flame tilting or rotating and tilting furnaces 
are employed for melting. Fire brick and rammed ganister linings are 
employed. In one plant, the rammed ganister lining has been excep- 
tionally good, as much as 2,000,000 pounds of alloys having been melted 
with one lining in a 36-inch furnace. Electric furnaces are employed in 
a few foundries for aluminum-alloy melting, and the refractory is usually 
fire brick. 

The question of refractories and containing vessels for liquid aluminum 
alloys in die casting and permanent-mold casting is important. In the 
case of die casting, the problem has never been satisfactorily solved, and 
research on the subject is required. For die casting, the alloys are made 
up in a melting furnace, the iron-pot furnace being favored, and cast into 
small pigs preparatory to delivery to the die-casting machine. In casting, 
the liquid alloy is contained in a small iron pot, the temperature of the 
alloy being about 700° to 750°C, and is forced into the die by air pressure. 
A submerged nozzle of cast iron is suspended in the alloy, and this conveys 
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a charge of liquid alloy to the die plate opening; air pressure then forces 
the alloy into the die. Cast iron is used both for the holding pot and for 
the nozzle, and the dissolution of iron is high. When running aluminum- 
copper alloys with the desired composition of 8 to 10% copper and remain- 
der aluminum, the iron content generally runs up to 3%. ‘This gives 
rise to difficulty on polishing die castings because of the formation of the 
hard intermetallic compound Fe Al; which stands in relief on buffing. 
Alundum has been used as a lining for die-casting pots and as a lining 
and covering for nozzles, but this has not been successful. 

The question of linings in secondary smelting practice for aluminum and 
aluminum alloys is of special importance; the life of linings in furnaces 
for smelting is low because of the local effects of burning. Reverbera- 


. tories, crucibles, and iron pots are used in secondary practice, and the 


requirements of a refractory for secondary smelting are more severe than 
in simple melting. As is known, aluminum oxidizes readily and rapidly 
with increasing temperatures, and at the temperature of smelting, par- 
ticularly with borings and some drosses, a thermit-like reaction occurs. 
This is very destructive of refractories and linings. Moreover, in smelting, 
fluxes of various kinds are employed, and certain of these are destructive 
of refractories. 


Available Information and Work in Progress 


Preliminary study of the refractory question as applied to aluminum- 
alloy melting has been made by the present writer, in connection with a 
study of melting practice for aluminum and aluminum alloys.' 

Since the dissolution of impurities by liquid aluminum and aluminum 
alloys is serious in the case of linings, suggestion has been made at various 
times that the following refractories should be examined with a view to 
determining their suitability: alundum, carborundum, magnesia, bauxite, 
zirconia, sillimanite, spinel, and other super-refractories, and research 
in connection with these refractories, or at least a collection of the available 
information, would be valuable. 

At the present time, the Bureau of Mines is making a study of materials 
for use as refractories and containing vessels for melting aluminum alloys 
in die-casting practice. Many refractories, irons, steels, and special alloys 
are to be examined as to solubility in liquid aluminum alloys, and the 
Bureau will be glad to codperate with refractory makers in testing the 
suitability of refractories in connection with this work. 

1 Cf. R. J. Anderson, “Aluminum Melting Practice,’’ Foundry, 50, 737-741, 792-797, 
823-826, 866-870, 919-924 (1922); “‘Aluminum and Aluminum-alloy Melting Fur- 
naces,”’ Trans. Amer. Foundrymen’s Assor., 30, 562-604 (1923); “‘Iron-pot Melting 
Practice for Aluminum Alloys,”’ Metal Ind., 19, 189-190, 246-247, 285-287, 360-362, 
397-399 (1921); ibid., 20, 60-61, 309-311 (1922). 
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THE REQUIREMENTS OF FIRE BRICK SUITED TO MALLEABLE 
PRACTICE! 
By H. A. Scowartz anv A. F. Gorton 

The purpose of the present paper is to present as briefly as possible an 
outline of the service requirements of fire brick in the malleable industry. 

A malleable foundry uses fire brick for two principal types of equip- 
ment; annealing furnaces and melting furnaces. Although the construc- 
tion of an annealing furnace requires very considerable quantities of 
brick, the life of this unit is usually so long that the requirements of brick 
in the annealing department of a malleable foundry are relatively insig- 
nificant in quantity as compared with the brick requirements for melt- 
ing furnace linings. 

Although some open hearth malleable is made, and although some plants 
still produce cupola malleable, current melting practice in the industry 
involves the use of the air furnace. 

The still more modern electric melting methods are not of interest in 
the present connection since they do not involve the use of furnaces lined 
with clay brick. A discussion, therefore, of the life and service of fire 
brick in air furnaces is virtually also a discussion of the refractory require- 
ments of the industry at least in so far as quantity requirements are con- 
cerned. 

In general, brick may fail from any one of a number of causes. Among 
the principal types of failure the following may be mentioned: by melting, 
by spalling, by fluxing, by erosion, by changes of shape, or warping, and 
by deformation under load. 

Not all of these are of importance in air furnace practice, and the rela- 
tive importance of the several causes of failure is different in different parts 
of the same air furnace. Unfortunately, few malleable foundrymen and 
not all manufacturers of fire brick recognize this fact, and there still remains 
a tendency to make one kind of fire brick resist all of the several causes 
of failure when much better practice would result if different characters 
of refractory were employed at different places in the furnace. 

An air furnace, as is well known, is a furnace of reverberatory type 
consisting of a long, rather narrow and quite low hearth, into which flame 
from a fire box is introduced at one end, and from which the flame escapes 
to the stack at the otherend. The roof of the furnace is made in removable 
sections called bungs, and when one heat has been run out, certain sections 
of this roof are removed and the melting stock required for the next heat 
is introduced, usually by hand, the roof replaced, and the next heat begun. 
Very generally the furnace is idle during the night and over the week end. 

The molten charge may have a temperature of some 2500° or 2700°F 
when ready to pour. The temperature of the flame, and hence of the roof 

1 Presented before the Refractories Division, Pittsburgh Meeting, Feb., 1923. 
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against which it impinges may perhaps be taken as being some 3200° or 
3400 °F. 

During the process of melting a considerable amount of metallic iron is 
oxidized and combines with silica derived either from the sand bottom of 
the furnace or from the clay brick side wall to form a slag of approximately 
the following composition: FeO, 29%; FeeO;, 1%; MnO, 5%; AlsOs, 
15%; SiOz, 50%. 

The relatively constricted cross-section of the furnace at the bridge 
walls at each end of the hearth, and more especially at the rear bridge wall, 
produces very considerable velocities of flame at these points. It will be 
obvious from these considerations that the air furnace presents at different 
parts of its structure opportunities for several of the types of failure pre- 

viously referred to. 

"In the fire box the brickwork is exposed to the formation of clinkers from 
fusible coal ash and the removal of these clinkers between heats may re- 
sult in considerable mechanical damage to the brick. The furnace roof 
and the side walls, more especially near the fire box end of the furnace, 
are exposed to very considerable temperatures. ‘The side walls at the slag 
line are exposed to the chemical action of the slag or, more properly speak- 
ing, to the chemical action of molten iron oxide which later is converted 
into the more complex acid slag already alluded to. 

The furnace roof is exposed to rather rapid and severe changes of tem- 
perature which in turn is conducive to spalling. In the furnace neck, 
that is, in the passage from the rear bridge wall to the stack, the working 
conditions are usually not severe, and brick lasts a considerable time. 

The possibility of failure due to the warping of the wall under heat must 
here be taken into consideration, although in the furnace proper, such 
failures do not in general occur, being overshadowed by the rapid de- 
struction of brick from other causes. 

Since air furnaces are very low, the side walls being seldom over three 
or four feet high above the slag line, and since the roof load hardly amounts 
to more than 500 pounds per running foot on each side wall, failures due to 
the deformations under load are not encountered. They might be ex- 
pected to occur at the base of very high stacks, but in the writer’s experi- 
ence at least, this difficulty has either been very rare or non-existent. 

In general, furnace side walls have to be replaced at least at the front 
end of the furnace where the service is most severe, once in two weeks. 
The roof is, of course, replaced only as required, by removing the bungs 
which have outlived their usefulness, and putting on new ones. 

The consumption of fire brick in the roof and side walls of an air furnace 
is about equal, expressed in terms of number of brick used in a given unit 
of time. 

Reviewing the working conditions of the furnace, we are led to conclude 
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that bung or roof brick must be of a character to resist high temperature 
and rather severe and rapid changes of temperature. Insofar as the user’s 
experience is of value, this seems to us to mean that bung brick must be 
made of a refractory clay, and must be ground, pressed, and burned so 
little that the resulting product is porous enough to resist changes of tem- 
perature and spalling. 

It may be that the character of service required could be given by a 
properly made hard, dense, brick, but a satisfactory bung brick of this 
character has not so far come under our observation. Silica brick, in 
spite of its refractory character, is totally useless on account of its great 
sensitivity to changes of temperature. 

The upper part of the side wall is exposed to service similar in character, 
though, perhaps, less severe than that of the roof. The lower part of 
the wall, however, being exposed to the action of molten slag, fails almost 
altogether by chemical action or fluxing. 

Since the failure of the wall at the slag line entails replacing it through- 
out, the requirements for side wall brick are determined by service re- 
quirements at the slag line. It is thus indicated that side wall brick 
should be chemically inert and very dense in order to prevent slag pene- 
tration. It must, of course, in addition be reasonably refractory, although 
this requirement is not quite so important as it is in the furnace roof, 
since at, and below the slag line, where failure actually does occur, the 
temperatures are not as high as at the top of the furnace. 

The use of chrome brick on account of its neutral properties seems 
obvious. Beside its high cost a further objection is the possible reduction 
of chromium by the carbon of the metal. Chromium is metallurgically 
detrimental in malleable iron. 

At the points in the side wall where the bridge walls abut, erosion due 
to the rapid passage of flame is likely to occur. It would, therefore, seem 
advisable to make this part of the wall, also, of a very dense brick as was 
indicated for slag resistance. Erosion, however, is limited to a very 
few brick, and therefore, is not economically important. 

The total brick consumption in the lining of the neck and stack of a . 
furnace is not high, owing to the relatively long life of these portions of 
the structure. We have not, thus far, had opportunities of determining 
what factors in practice make for long service under these circumstances. 
As previously indicated, the requirements are mainly that the brick shall 
not fail by warping or under load. 

It would seem that a brick which makes a satisfactory boiler setting 
and stack should serve also under the present circumstances provided 
its refractoriness was sufficiently high to withstand temperatures around 
2500°F continuously. 

It may not be uninteresting to note in passing, that, as in most other 


. 


FIRE BRICK SUITED TO MALLEABLE PRACTICE 1097 


applications of refractories, a furnace which is operated continuously 
day and night is a larger consumer of brick than one which cools off during 
a portion of the twenty-four hours. This doubtless arises from the fact 
that when the furnace is operated part time only, the wall never gets heated 
completely through. ‘The outer layers then operate as a means of cooling 
the inner ones, and also remain in better condition to withstand mechanical 
loads than when they become thoroughly heated toward the end of a 
continuous week’s run. 

The use of basic refractories in air furnaces does not seem to promise 
any advantages to offset the obvious disadvantages in cost, resistance to 
temperature changes, slaking, etc. So far as we know these considerations 
have justly prevented even their experimental use. 

The ultimate purpose of this superficial discussion has been to bring 
forward in the minds of the producers of refractories the fact that one 
kind of brick cannot be expected to meet perfectly the requirements at 
every part of an air furnace, and to stimulate in the minds of the manu- 
facturers of refractories, attention and study of the several requirements 
in order that, if possible, suitable brick specialties may be developed, 
calculated to withstand in the highest degree, the service conditions im- 
posed by practice in the several portions of such furnaces. 
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PROGRESS REPORT ON SPECIFICATIONS FOR REFRACTORIES! 


By R. F. GELLER? 
ABSTRACT 


Following a conference with producers and consumers of refractories, a series of 
proposed laboratory tests were conducted on forty-one commercial brands of brick. 
The work included reheating at 1450° and 1400°C, quenching, load test, fusion point 
determination, chemical analyses and petrographic examination. Results of tests 
are presented. They will be more fully discussed when correlated with service tests 


now under way. 


Introduction 


Organization and Object.—On March 8, 1922, at the Bureau of Stand- 
ards in Washington, a conference was held. W. A. Hull presided as chair- 
man. Producers and consumers of refractory brick were present as an 
advisory board. ‘The object was to establish specifications to be used by 
the various government departments when purchasing refractories for 
government use. The thought was that these specifications might ulti- 
mately be adopted by the trade. 

Refractories for Boiler Setting.—vTentative specifications and tests 
were first prepared for refractories to be used in stoker-fired boiler settings. 
The Committee was not unanimous as to the value of these tentative 
specifications, hence it was decided to apply the tests to a representative 
number of recognized first quality refractory brick; correlate the data ob- 
tained with records of the behavior of these several brick under service 
conditions, and present the combined results to the advisory committee 
for their consideration. 

Field Test.—With the aid of E. B. Powell, of Stone and Webster, 
brick were submitted to the Bureau of Standards from sixty power plants, 
representing all of the important industrial districts of America. Some 
of the shipments were duplicates but the final count showed forty-one 
different brands of standard nine-inch brick. Active work on the testing 
of these brick was started in June, 1922, and completed approximately one 
year later. The following is a report of the test methods followed and the 
results obtained. 


Methods 


Following the practice of the Navy, it was decided to establish (a) 
suitability tests, whose function it is to determine whether or not a brick 
can meet the requirements; and (b) control tests which are to serve as a 
check on separate shipments. 


1 Published by permission of the Director of the Bureau of Standards of the U. S. 


Department of Commerce. 
2 Received Sept. 4, 1923. 
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The following tests were suggested by the Committee and adopted: 


Suitability tests Control tests 
a. An endurance test d. A fusion point test 
b. A constant volume test e. A load test 


c. A quenching test 
Suitability Tests 


Endurance.—The endurance test is applied in two ways: 1. The 
brick is placed on end in a gas-fired furnace and subjected to a temperature 
of 1450°C for 72 hours. ‘Two bricks of each brand are used in this test. 

2. The brick is laid flat, supported at the ends leaving seven inches 
clear span, loaded at the center with a brick cut to weigh five pounds, and 
subjected to a temperature of 1450°C for 72 hours. ‘Two bricks of each 
brand are used in this test. 

Constant Volume.—The constant volume test consists in subjecting 
a brick to a temperature of 1400°C for five hours. Seven bricks of each 
brand are used in this test. 

Quenching.—The quenching test is conducted on brick which have 
been reheated at 1400°C for five hours. The advantages of this preheating, 
have been discussed by Howe! and it is recognized that it produces de- 
cidedly better comparative results. The quenching itself followed in 
principle the tentative A.S.T.M. method. It was carried out by heating 
the brick at one end in a kiln door and plunging them half way into 
running water. ‘The brick were allowed to remain in the water for three 
minutes, taken out, allowed to steam in the air for five minutes and then 
returned to the kiln door. This was repeated in hourly cycles until the 
brick lost a specified amount. Three kiln temperatures were used, 
viz., 850°C, 1100°C, and 1350°C, and five bricks of each brand were 
quenched from each temperature. 


Control Tests 


Fusion Point.—The fusion point test was made according to the stand- 
ard A.S.T.M. method. 

Load Test.—The load test was carried out according to the standard 
A.S.T.M. method for heavy duty brick except in certain cases where some 
variations were used. 

1. The brick were held under load at 1350°C for 10 hours instead of 
one and one-half hours. 

2. Brick previously preheated at 1400°C for five hours were held under 
load at 1350°C for one and one-half hours. 

3. Brick previously preheated at 1400°C for five hours were held under 
load at 1450°C for one and one-half hours. 


1R. M. Howe and R. F. Ferguson, Jour. Amer. Ceram. Soc., 3 |1], 32 (1921). 
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Additional Tests Made 


Chemical Analysis.—In addition to the above tests, a sample of 
each brand was analyzed for Fe,0;, Al,O; and SiO; a series of absorption 
determinations were made, and a representative number of brands were 
examined petrographically. 

Absorption.—For the absorption determinations, fifteen bricks of each 
brand were used. Five of these were tested as received, five after the 
constant volume test and the remaining five after the endurance test. 
The absorption was determined on irregular fragments broken from the 
brick and in accordance with the following formula: 


_W—D 


100 
D 


A 


A = per cent absorption, 
W = weight of specimen after having been boiled in water for two hours 
and allowed to cool with the water, 
D = weight of specimen after having been dried at 110°C. 
Petrographic Examination.—The petrographic examinations were 


made by H. Insley. ‘The purpose of this work was to approximate the 
amount of free quartz 


present in the brick and 
to determine the suc- 
cessive effects of: (a) 
commercial burn; (b) 
burning at 1400°C for 
five hours; and (c) burn- 
ing at 1450°C for 
seventy-two hours. 
1080 TEST tions.—As a_prelimi- 
nary stepten specimens 
of fifteen different 
and the mean variations 
from the standard 9 x 
4'/, x 2'/s-inch dimensions calculated. It was found that the mean length 
of ten brands did not vary more than '/s inch from 9 inches and the 
remaining five did not vary more than */j, inch. One-eighth (!/s) inch 
is being used by some commercial concerns as the maximum allowable 
variation and this would seem to be a reasonable figure. The variations 
in thickness, on the whole, were within this specification but a much 
wider range of dimensions were encountered in the widths. It was found 


1100 
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that about 25% of the brick measured ran four and one-fourth inches or 
less in width. This would be equivalent to a variation of almost 6%. 


Brands Numbered in Order of Resistance to Contraction in Load Test 


It was determined to conduct the load test first, following the A.S.T.M. 
standard method for high duty brick. As shown in Fig. 1 the bricks were 
classified according to the results of this test, the brands showing the least 
linear. contraction being placed at the left and following in order to those 
showing the most contraction at the right. The brands were then given 
test numbers according to this classification. These same designations 
were used in all of the tests. In this way the results of other tests were 
easily compared with the behavior of the brick in the standard load test. 


RESULTS 


Endurance Test 


The endurance test is of particular interest in that it has been developed 
in the commercial field. This test is being used by a large commercial 
concern and is con- 
sidered a very good 
measure of the probable 
behavior of refractories 
at furnace tempera- 
tures. 

The results obtained §& 
in this work are shown § 


={— 


% cherge 


in Fig. 2. 

It is obvious that no 8 
relation exists between 
the reaction of brick to 
the standard load test 
and to the endurance 
tests. 

Brick simply placed on end in the endurance test show results 
agreeing in general with brick transversely loaded during the same heat 
treatment of 1450°C for 72 hours. Consider for example brands designated 
by numbers 2, 5, 6, 17, 18, 19 and 32. These brick show a large de- 
flection under transverse load and also a comparatively large shrinkage 
when placed on end under no load other than their own weight. On the 
other hand, bricks showing the least deflection also show a comparatively 
low change in length, there being only two exceptions where this change 
in length is not well within a 2% limit. 

The two bricks which prove to be the exceptions in this case are both 


3 
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very high initially in free quartz and consequently retain a high viscosity 
to a point nearing their deformation temperature, thereby accounting 
for the low deflection under transverse load. The transformation of the 
quartz accounts for the exceptional change in length. 

The results of the endurance test compare quite favorably with the re- 
sults of quenching, fusion point and constant volume determinations and 
will be discussed in connection with these tests. 

From the data at hand there is no relation evident of the effect of the 
method of manufacture on the properties of the brick in the endurance 
test. There is, however, a very interesting point brought out by the 
absorption data, the complete results of which are shown in Fig. 3. Since 
the change in absorption can be taken as a measure of the rate of vitri- 
fication, it can be said that the curves in question afford a rough picture 
of the rate at which the several brick are approaching vitrification. In 
Table I are two groups of brick with numbers indicating the respective 
changes in absorption for brick ‘‘as received’’ and after the endurance 
test. Similar information is shown graphically in Fig. 6. 


TABLE I 


Bricks SHOWING Less THAN 8/3. DEFLECTION WHEN TRANSVERSELY LOADED IN THE 


ENDURANCE TEST 


Per cent absorption after Change in per cent 
Test no. endurance test absorption 


Average 


Bricks SHOWING More THAN "/3 DEFLECTION WHEN TRANSVERSELY LOADED IN 
THE ENDURANCE TEST 


Per cent absorption after Change in per cent 
Test no. endurance test absorption 


9 


17 
18 
19 
21 
28 
29 
30 
32 


Average 


This would seem to indicate that the transverse test is not so much a 
measure of the condition of the brick at the end of the test but rather an 


a 
it 
4 15.9 0.2 
7 20.9 4.8 
13 7.1 2.3 3 
27 7.8 1.4 
38 7.7 1.8 
11.9 2.1 
| 10.1 7.4 ; 
4.4 9.0 i 
10.8 
4.8 10.1 
5.2 4.2 
3.0 14.3 
2.0 8.6 i 
5.2 5.0 
4.1 2 
3 
6.0 7.8 
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indication of what the brick is doing at the temperature of the test. Dis- 
regarding brands 4 and 7 which, because of their high quartz content, act 
more like silica brick giving a high expansion with a resultant high ab- 
sorption, it is evident that both the best and the poorest brick of the trans- 
verse test have no noteworthy differences in final absorption. 

The changes in absorption show very interesting differences. ‘The brick 
which deflected the least show an average change in absorption of 2.1% 
while the brands deflecting the most have an average change of 7.8%. 
In other words, a large deflection is indicative of low refractoriness since 
the brick are rapidly approaching vitrification and it would be reason- 
able to assume that such brick, under service conditions where they are 
held continuously at a 


tively short time be- A 
come vitrified or atleast § Wal 
incipient vitrification. g AY t A) i\ 

brick is under load, or ! 
to spalling if they Bess v | 
happen to be ina place ” 
where frequent and 


rapid changes in tem- MUMBER OF 
perature take place. Fic. 3. 

As shown in Table II 
the structure of the brick examined had changed materially during the 
heat treatment of the endurance test. 

It may be said that one no longer has the same brick after this test. 
In every case where an examination was made the free quartz has been 
almost completely changed to cristobalite, while the clay matter was 
transformed into sillimanite and glass. 

In the endurance test the following heat schedule was followed. The 
kiln was started in the afternoon and allowed to reach from 900° to 1000°C 
over night. ‘The temperature was then carried up to 1350°C on a straight 
line schedule at the rate of 50° an hour. Up to this point, temperature 
measurements were taken by means of a platinum platinum-rhodium 
couple (the point of the couple being as near as possible to the center of 
the area occupied by the specimens) and a recording Leeds and Northrup 
potentiometer. From 1350° to 1450° the temperature was raised at the 
rate of approximately 10° an hour and the temperature readings for this 
range, as well as during the balance of the test, were read by means of a 


» 
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Leeds and Northrup optical pyrometer. 
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The pyrometer was sighted on 


the end of a closed sillimanite tube of approximately one inch inside diam- 
The end of the tube, and consequently the point at which measure- 


eter. 


TABLE II 


RESULTS OF PETROGRAPHIC EXAMINATION OF BRICK 


Number of 


brand 
3 


13 


23 


38 


As received 
About 50% quartz. 
Grog particles are quartz 
grains, somewhat shat- 
tered. Clay altered in 
part to sillimanite. 


35% quartz. Quartz 
somewhat shattered but 
not inverted to cristo- 
balite. Some develop- 
ment of sillimanite in 
clay matter. 

About 75% quartz, 
some quartz grains slight- 
ly shattered but not in- 
verted. No visible al- 
teration of clay matter to 
sillimanite. Grog par- 
ticles are quartz. 

About 10% quartz. 
No cristobalite. Small 
amount of sillimanite. 
Considerable glass and 
amorphous material. 


Less than 5% quartz. 
Considerable glass. 
Slight change of clay 
matter to sillimanite. No 
cristobalite. 


Less than 5% quartz. 
No cristobalite. Con- 
siderable glass. Largely 
amorphous material. Lit- 
tle crystalline sillimanite. 


After being held at 
1400°C for 5 hours 


Slight alteration of 
quartz to cristobalite. 
Extensive development 
of sillimanite. 


Small inversion of 
quartz to cristobalite. 
Slightly more sillimanite 
than in commercial 
brick. 

Some shattering of 
quartz. Slight forma- 
tion of cristobalite. De- 
velopment of sillimanite 
not prominent, but 
slightly greater than in 
commercial brick. 


About same in quartz 
and sillimanite content 
as untreated, but very 
different in appearance. 
Color darker and iron 
stains more pronounced. 

Much glass. Clay 
matter largely  trans- 
formed to sillimanite. 
Large sillimanite crys- 
tals present and many 
small ones. 

About same amount 


of quartz. No cristo- 
balite. Considerable 
glass. Moderate quan- 


tity of small crystals of 
sillimanite. 

10-15% quartz. No 
cristobalite noted. Mod- 
erate amount of glass. 
Well developed small 


crystals of  sillimanite 
abundant. 


After being held at 
1450°C for 72 hours 


At least 40% cristo- 
balite. 10% or less of 
unaltered quartz. Re- 
mainder sillimanite (well 
developed) with a little 
glass. 

Stained black due to 
iron oxide. 20-35% 
cristobalite, 5% quartz. 
Remainder clay matter 
extensively altered to 
sillimanite. 

About 70% cristoba- 
lite, 5% quartz and re- 
mainder fairly well 
formed crystals of silli- 
manite with little glass. 


6 3 
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39 About 10% or less Very similar to ‘‘com- Quartz inverted to 
quartz. Noinversionto mercial’ both in min-_ cristobalite. Fairly large 
cristobalite, but clay eral composition and_ crystals of sillimanite. 
matter is extensively developmert of silliman- All of clay changed to 
changed to crystals of ite. Verysmallamount _ sillimanite and glass. 
sillimanite. Grog par-_ of cristobalite present. 
ticles unusually coarse. 

Quartz mostly in bond 


clay. 

41 20-25% quartz. No Large part of quartz Quartz entirely  in- 
cristobalite. Consid- inverted to cristobalite. verted to cristobalite. 
erable alteration of clay Remnants of quartz  Sillimanite development 
to sillimanite. Silli- grains surrounded by very extensive. 


manite in fine inter- of cristobalite. 
meshed crystals. Grog Clay extensively altered 
particles contain to sillimanite. Silli- 


quartz than do bond. manite crystals  well- 
formed and large. 

2 About 10% quartz. Bond clay an olive Quartz almost com- 
Apparently not  shat- yellow, grog particles’ pletely changed to cris- 
tered. No cristobalite. white. Except in color  tobalite. Sillimanite 
Considerable sillimanite differs little from com- development very ex- 
development. mercial brick. A small tensive. 


amount of cristobalite. 
Little, if any, more silli- 
manite thant in com- 
merical brick. 


ments were taken, was as near as possible at the center of the area occupied 
by the specimens. As an indication of temperature uniformity in the kiln, 
cones were also placed on the bag walls and at the four corners and center of 
the kiln proper. 

The Constant Volume Test 

This test was made to determine the relation between the change in 
volume of a brick, when reheated, and its value as a refractory. The 
bricks were carefully measured before and after the test for average length, 
and the difference taken as a rough measure of the volume change. The 
determination of actual volume change would have involved much more 
work and, because of the nature of the material, would very probably have 
yielded data of no greater value than that afforded by the measurement of 
linear change. 

The results obtained are shown by the dotted curve in Fig. 2. From a 
study of these data, and comparing with results from other tests, there 
is no evident relation since in nearly all cases, the change is not big 
enough to be of value for comparative purposes. 

The curve (Fig. 2) can be compared with the linear change in the en- 


3 
q 
4 
he 
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durance test. From the two curves it is evident that heating to 1450°C 
has produced results more pronounced and, as already stated, fairly com- 
parable with other tests. 

The absorption data on the specimens from the constant volume test 
have proved to be of considerable interest and probable value. The 
results are plotted in Fig. 7 and will be discussed later in connection with 
the quenching test. 

Platinum platinum-rhodium thermocouples were used throughout for 
the measurement of temperatures in the constant volume test and cones 

were used, similar to 


* | the method described 
for the endurance test, 

| | to indicate the uni- 
* formity of tempera- 
: | ture inthe kiln. The 


kiln was allowed to 
reach red heat over 


PERCENT AESOLPTIOY 


7 j night and was then 
A carried up to 1400° on 
\ /\\|_ astraight line schedule 

Vi" 7 at a rate sufficiently 
V V va high to reach the maxi- 


seven o'clock in the 

evening. In this way 

the test was completed at midnight following the day on which the kiln 

was set. As measured by cones this heat treatment was equivalent to 
the softening point of Seger pyrometric cone 15. 


The Quenching Test 


The brick for the quenching test were first reheated at 1400°C for five 
hours. They were allowed to cool slowly with the kiln and were weighed 
to the nearest ounce. Fifteen bricks of each brand were prepared in this 
way, five being used for the quenching work from each temperature; that 
is, from 850°, 1100° and 1350°C. ‘The quenching treatment was con- 
tinued until the end of the brick had completely spalled away, and each 
brick was then weighed and the per cent loss in weight calculated. 

In nearly all cases the first spall carried away the entire end of the brick 
but occasionally only a corner was lost requiring one or two more quench- 
ings before the brick was considered to have failed. ‘The complete results 
of quenchings from the three temperatures are given in Fig. 5. 

The two main results to be considered in this test are the weight loss 
and the number of quenchings required to produce failure. 
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A study of the data on loss in weight of the several brands has not re- 
sulted in the establishment of any relation between the laboratory results 
and the nature of the brick or their reactions to other tests. The tem- 
perature from which the quenchings were made also had very little general 
effect on the weight loss. 

The second factor, that is, the number of quenchings to produce failure, 
has, however, brought out points of interest. A study of the curves in 
Fig. 5 shows that, while quenching from 1350°C will undoubtedly pick 
out brick of low resistance to temperature change, it does not show sufficient 
difference between the 
best and the poorest MUMBLE OF 
to enable one to 

make comparisons. 
Quenching from — 
1100°C has not in- 
creased the value of 
the test very much, 
if at all. Brands 23, 
27 and 28 withstood : 
this test appreciably 
better but in most 
cases the number of 


& 


NUMBEE OF 


quenchings were either TEST MUMBEE OF Beals 
the same or differed Fic. 5 


by not more than one 

quenching. In fact, some brick, as the curves will show, appeared better 
in the 1350° test. From this it would appear that if quenching from 
1100°C has any advantage over that from 1350° the gain lies within the 
limits of error of the test. 

It is evident that the quenching from 850° has produced a decided 
change. Although some brands still failed, on an average, in the first 
quenching there is a much wider range between the best and poorest brands. 
The data show a ratio of maximum to minimum number of quenchings 
equal to 59 to 1, as compared with a ratio of 8 to 1 for the 1350°C quench- 
ings. The general average for all brands was 6.7 quenchings for the 850° 
test as against 2 for the 1350° test. 

In general, brick of high free quartz content or high plastic clay (and 
consequent high flux) content show the least resistance to sudden tempera- 
ture change. This point is brought out clearly by a correlation of chemical 
analyses and quenching results. It will be further discussed in connection 
with the former test. 

Kiln temperatures were measured by means of a platinum platinum- 
rhodium thermocouple placed in the kiln approximately six inches from 
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the inner face of the door, and just to one side of and midway from top 
and bottom of the auxiliary panel in which the test brick were heated. 
A counterweighted door was used for the purpose of closing the panel 
while the test brick were being quenched. In this way the heat was 
retained in the kiln so that not more than ten minutes were required to 
reach the desired temperature after the specimens were replaced in the 
kiln door. 


The Load Test 


The results of this study are shown in Fig. 1. It was not expected that 
the work would result in new data on behavior of refractories under load 
at high temperatures but was conducted mainly for the purpose of de- 
termining the relation of the load test to the other tests under investi- 


gation. 

This report does not permit a full discussion of the data, but the following 
points seem to be the most important developments: 

1. The load test does not produce results which are comparable with 
any other test of this investigation. 

2. The load test, as has been shown by other investigators,’ is an 
excellent method for classifying so-called No. | from No. 2 quality re- 
fractories but does not 


\ serve as a means for 
x Linthe 7 i rari ; ac- 
unthe wane: grading various refrac 
PERCE) ABSORPTION AT MOO 
A tories in any one class. 
‘ 
] | nous brick, the load 
7 | test can be considered 
A as a measure of the 
cA nhl «i! heat treatment received 
fi\ilf Na by the specimen in the 
has been noted by 
Bleininger in his work 


ZT SEDI) ATS ORT WO on aluminous_refrac- 

tories’ and is very well 

eae demonstrated by the 

load test behavior of brick shown to the right in the curves of Fig. 1. 

These specimens as received give very poor load test results but when 

tested after having been preheated to 1400° for five hours their resis- 

tance to deformation compares favorably with the brick of siliceous 
! Bur. Standards, Tech. Paper 7; ibid., 159. 

2A. V. Bleininger, ‘‘“Note on the Load Behavior of Aluminous Refractories,”’ 

Jour. Amer. Ceram. Soc., 3 [2], 155 (1920). 
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type which, because of their natural rigidity at 1350°C, are but slightly 
affected in the load. The results on these are therefore grouped to the 
left of the diagram (Fig. 1). The load test as now used will put many 
brands of aluminous brick of accepted commercial value, in a class with 
low grade refractories unless the fusion point is also considered. ‘There 
is a possibility that the load test, if conducted on preheated brick, might 
be considerably improved as a test for classifying No. 1 quality refractories. 


Fusion Point 


Resistance to fusion of the refractories is measured by comparing with 
Seger pyrometric cones. With the exception of three brands, the results 
are shown graphically in Fig. 6. The omitted brands failed consistently 
in the tests to which 
they were submitted 
and were considered as 
of too inferior quality 
to be classed with high 
heat duty refractories. 
The results are dis- 
cussed in connection 
with the other tests of 
this investigation. 

A composite diagram 
of the tests so far de- 
scribed is shown in 


es 


PERCENT FLUX (hy difference) 


| 

Fig. 6. The brands are 
graded according to the Fic. 7. 
number of quenchings 
received from 850°C to running water. This method of classifying would 
designate brands 9, 11, 12, 13, 28, 24, 26, 27, 38 and 39 as the best ten of 
those included in the investigation. In this connection the following 
points have been noted. 

1. In the group of ten best brands the fusion point is equal to, or higher 
than, cone 32 and lower than cone 32 for the balance. 

2. The absorption after reheating at 1400° for five hours lies between 
6 and 10% for the best refractories and above or below this range for the 
balance. 

3. The deflection in the transverse endurance test does not exceed !°/9 
inch for the best refractories. 

4. The per cent linear change after reheating at 1450° for seventy-two 
hours does not exceed one per cent for the best grades; 7. e., brick which can 
withstand, without failure, fifteen or more quenchings from 850°C to 


running water. 
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There are of course exceptions to each of the above rules but these re- 
lations appear, on the whole, to be very good. 


Chemical Analysis 


The chemical analysis comprised determination of SiO., AlO; and 
Fe.O; the balance being considered as flux. The method followed was 
essentially the A.S.T.M. standard with the exception that, in the FeO; 
determination, the correction for silica was not made. If plotted on a 
triaxial diagram, the combined results would lie in the following field: 


Per cent 


If calculated to clay, uncombined SiO, and flux the results would lie in 
the field: 


Per cent 


Several methods of plotting, to show the relation of chemical analyses 
to other physical properties, suggest themselves but that shown in Figs. 
7 and 8 was finally adopted. 

That a close relation exists between chemical composition and fusion 
point (Fig. 7) has been shown by other writers and is naturally to be ex- 
pected. It was not so 


OF QUETICHITIOS 
ROM 850% 4—| evident, however, that 
> S\ 84 as the data in Fig. 8 
? would seem to indicate. 
° In fact, if the data at 
Te ° hand are correct any 
° refractory havinga 
Q, 2 fusion point lower than 
cone 32, or which con- 
e tains more than 
PERCENT UNCOLIBITIED QUARTZ. twenty per cent uncom- 
Fic. 8. bined SiO. and 4% 


total flux, cannot be expected to satisfactorily resist spalling. 


Conclusions 


This report cannot be complete until the laboratory results have been 
correlated with the service tests. Because the results brought out by the 


— 
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tests here reported merit consideration they are presented for discussion. 
They are again briefly stated as follows: 

1. The endurance test, while furnishing results of undoubted interest 
and value, is difficult and expensive and offers no better means of testing 
refractories than other and simpler methods. 

2. The constant volume test, used as a preliminary step to quenching, 
offers a means for obtaining valuable absorption data. 

3. The quenching test, using 850°C as the furnace temperature, is an 
excellent means for judging comparative resistance to thermal shock. 
While there is an obvious relation between resistance to sudden tempera- 
ture change, fusion point and chemical analysis, it does not seem suffi- 
ciently close to warrant the complete replacement of the quenching test 
by either or both of the latter tests. 

4. Refractoriness is a property of primary importance. The user of 
“refractories is of course not directly interested in the fusion point of the 
refractory he uses for it is not as a rule subjected in use to heat treatments 
that would materially soften them. Nevertheless, because of its relative 
simplicity of determination and the close relation of the results obtained to 
those of other tests (such as chemical analysis, resistance to quenching, 
volume change), the fusion determination continues to be desirable as a 
test. 

5. Evidence indicates that for classifying “high heat’’ and “medium 
heat-duty”’ refractories the load test could be improved by preheating 
the specimens. 

The ‘fusion point’’ determination serves the same purpose as the load 
test and is more easily accomplished. 

The load test does justify itself as a means for determining whether or 
not an aluminous refractory is sufficiently well burned to resist con- 
siderable load when that load is applied during the initial heating to 
extreme temperature. 

Since load carrying ability is not an important factor in boiler settings 
it is questionable whether the load test should be specified. 

6. Chemical analyses are a source of very interesting and important 
information, and as such are worthy of consideration. From the evidence 
at hand it is seen that the chemical analysis will serve as an indirect mea- 
sure of the “fusion point.’’ Since the free quartz content can be easily 
and quickly approximated petrographically it is questionable which is 
the more valuable, chemical analysis or fusion point and petrographic ex- 
amination. 

Briefly, the data at hand tends to show that a combination of two or 
more of the following tests can serve as suitability and control test for 
stoker fired boiler refractories: quenching (with preheating), fusion point 
determination, chemical analysis, petrographic examination. 
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Abrasives 


1. Emery industry (Greece). ANON. Chemistry and Ind., 42, 594(1923).—It 
is reported that the Greek Govt. will construct works to facilitate mining and trans- 
portation of emery ore, which should increase annual production to approx. 20,000 T. 

2. Production of bauxite in 1922. Brick and Clay Rec., 62, 978(1923).—Ark. 
furnished 266,799 T. and Ga., 30,417 T. of the 309,600 T. of bauxite produced in U. S. 
in 1922. Statistics given for production and consumption in U. S. including imports 
and exports for 1921 and 1922. J. W. H. 

3. Dissociating bauxite, laterite, and argillaceous substances. ANON. Oil and 
Colour Trades Jour., 63, 1870(1923).—According to a recent Ger. patent dissocn. is 
carried out as follows: The raw material is heated to dull redness, the alumina is then 
dissolved (for the most part) with dilute nitric acid, leaving most of the iron oxides 
and silica behind. After sepg. the latter, the soln. is treated in the usual manner. 
The heating should be carried on in a reducing atm. to reduce the iron to the ferrous 
state, and thus render it insol. in the dil. acid. The latter may be replaced by nitrous 
fumes and water. 


Cement, Lime and Plaster 


4. Drying of plaster and its conservation in humid air. Pierre JoOLIBOIS AND 
PIERRE LEFEBVRE. Compt. rend., 176, 1476-8(1923).—Plaster dried above 300° 
loses the property of setting in contact with H,O, its absorptive power tested by I 
vapor diminishing with increase of drying temp. Dried at low temp. it darkens rapidly 
in I vapor; heated to 500° it becomes pale rose; at 800° drying it remains colorless after 
a month’s exposure in a desiccator satd. with I vapor. Sensible heat evolution in trans- 
formation by drying was registered photographically with the double galvanometer of 
LeChatelier and Saladin. A current of air satd. with H,O vapor at 0° and 15° was 
passed over a small boat contg. about 0.5 g. plaster and wt. increase detd. Plaster 
dried between 150° and 300° absorbs H,0 rapidly; when the content of demi-hydrate 
exceeds 2% the speed diminishes. With very moist air the absorption proceeds much 
more slowly and is quickly limited to an amt. corresponding to a content less than the 
demi-hydrate. H. E. B. (C. A.) 

5. The chemism of the hardening of Roman dolomitic cements; crystalline forms 
of hydrate of magnesia; colloidal form of hydrated lime. M.vonGLAsENAPP. Zement, 
11, 489-92, 509-10(1922); Chimie et industrie, 9, 968(1923).—Pulverized MgO, ob- 
tained by burning magnesite at a moderate temp., sets when mixed with water, the 
setting being quicker the lower the burning temp. ‘The hydrated product can still be 
scratched with a finger nail after 48 hrs., but it slowly hardens. Hardening of calcined 
magnesite, as observed under the microscope, is due to the transformation of coarse MgO 
crystals into fine crystals of hydrate; but as combination with water is much quicker than 
crystn. there must be formed as intermediate compd. an amorphous hydrate more sol. 
in H,O. In com. mortars the transformation of MgO is confined to the formation of 
fine crystals of hydrate in and on the fine grains of cement and at the surface of the 
grains of sand to which the hydrate adheres. But in lab. prepns. hydrated MgO 
assumes a surprising variety of forms. G. has even observed one having the appearance 
of a gel consisting of fine droplets of the same size and shape as yeast cells. 

A, Pe. CC. A.) 

6. The setting and hardening of cements. S. N. Brown. Chem. Trade J., 72, 
127-8(1923).—The formation of a hard mass from powdered solids and H,O may occur 
as follows: (1) Crystn. of the substance; (2) desiccation of colloidal, semi-solid mass or 


CERAMIC ABSTRACTS , 215 


*‘gel;”’ (3) a chem. reaction between 2 or more substances in H,O giving either a cryst. 
or colloidal product or both. Burned gypsum or plaster of Paris is an example of (1), 
CaO mortar and clay of (2), and Sorrel cement of (3). K2SO,accelerates setting of gyp- 
sum, while borax retards it. K.,SO, retards setting of Portland cementand CaO. The 
speed of setting of Portland and hydraulic cements is increased by presence of larger 
amt. of Al,O;. Because it withdraws Al,O; from soln. gypsum retards setting of cement. 
Cements made from stationary kilns contain ash from fuel. Salts present in the ash 
retard setting. Rotary-kiln cements set more quickly because of absence of ash, and 
1-2% of gypsum is usually added to retard setting. Nearly 50% by vol. of hardened 
Portland cement of normal fineness consists of unaltered particles and could easily be re- 
placed by sand. ‘This emphasizes the importance of having cements finely ground. For- 
mation of CaCO, has very little effect on hardness of cement.  & © AD 

7. Hydraulic binding materials. I. Cement. E. BERL ANDW. URBAN. Z. angew. 
Chem., 36, 273-6(1923).—The simple systems CaO-SiO2,CaO—Al,O; and SiO,—Al,O; were 
studied, not in a homogeneous, fused state, but in a heterogeneous condition at low 
temps. The components were prepd. in amorphous form with max. ratio of area to wt., 
and with max. reactivity; then intimate mixts. of these were allowed to harden and the 
crushing strength was detd. SiO, contg. 49% H2O was prepd. from Na silicate and HCI; 
Al,O; contg. 35% H20 was prepd. by pptn.; CaO was used in the form of powd. hydrated 
lime. Cubes contg. SiOz, and CaO in the mol. ratio 1:1, 1:2 and 1:3, and similar 
mixts. with the addition of sand to make mortars, showed crushing strength a max. for 
the mono-Ca silicate and a min. for the tri-Ca silicate, both on specimens that had been 
kept in a moist closet for 28 days and on those that had been kept for 3 days after treat- 
ment in an autoclave at 15 atms. for 8 hrs. Specimens with mol. ratios of CaO: Al,O; 
1:1,2:1,and3 : 1, show max. crushing strength for the tri-Ca aluminate, and min. for 
the mono-Ca aluminate. For SiO,—Al,O; in mol. ratio 1 : 1 there was little apparent 
binding power, except when the specimens were allowed to lie in alk. water, and then it 
was but small. For the complex mixt. CaO.SiO, + 2.5 CaO.Al,O; there were greater 
crushing strengths than for either pair taken separately, showing that the mixt. “‘reacts. 
hydraulically’’ better than do the simple compds. Tables, curves and diagrams sub- 
stantiate these conclusions. Zeolite (permutite) was then chosen as an amorphous 
SiO,-Al,O, complex and its behavior with CaO noted. The permutite, Na,O0.Al,O;.- 
3SiO,. (3.5 to 5) H:O, was dried, powd., mixed with sand, and treated with increasing 
quantities of CaO. The superior limit of strength was reached with 3 to 4 mols. of CaO: 
to 1 mol. of permutite. A reverse of this process, 7. e., replacing Ca by Na in the above 
products, did not take place. Evidently a secondary reaction had taken place, with 
the formation of Ca silicates and aluminates. Studies on the action of water (vapor) 
showed that Ca(OH): and Ca(OH)2.H2O were unquestionably formed from CaO, and 
that similar points of inflection of curves were found in unsound cement, and less marked 
resemblances in good cement. 

8. Behavior of hardened Portland cement under pure water. G. HAEGERMANN. 
Zement, 11, 377-9, 388-90, 399-401, 412-3(1922); Chimie et industrie, 9, 311(1923).— 
If the water is not changed, it first dissolves CaO from the cement, and when it is satd. 
there is no further change. If the water is changed, or with running water, it continually 
dissolves out fresh quantities of CaO. An impermeable and insol. coating must be 
applied to protect the cement, e. g., CaCO;, which explains why cement hardened in 
air or under natural water (contg. bicarbonates and free CO.) behaves better under 
water than one hardened under pure water. A. P.-C. (C. A.) 

9. Protection of cements against the action of acids. C.R.PLATzMANN. Zement, 
11, 390-1(1922); Chimie et industrie, 9, 312(1923).—P. investigated the use of “‘Mar- 
galite,” a PhOH-CH;0 condensation product prepd. by Marcusson. One kg. covers 
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2 m.? of concrete. Test pieces made from 1 part blast furnace slag, 0.25 part of trass, 
and 0.75 part of normal sand were treated with Margalite 3 weeks after prepn., and 10 
days later were immersed in 10% H2SO, and 25% HCl, resp. After 33 and 47 days’ 
immersion the crushing strength was 306-319 kg. per cm.? 
10. Crystalloids and colloids in the theory of cement. M. von GLASENAPP. Ze- 
ment, 11, 446-8(1922); Chimie et industrie, 9, 312-3(1923).—Crystals of hydrated Ca 
silicate can be observed under the microscope. They are always in the form of needles, 
grouped in rosettes against a background which seems to be formed of very fine grains 
constituting a gel the opacity of which under the microscope increases with age. Even 
after one year this gel still retains its colloidal texture, and it is doubtless this constituent 
which plays the principal réle in the hardening of the cement. The crystals of the 
rosettes can be reproduced and observed by applying a drop of water to cement dust 
under the microscope. A, A.) 
11. Effect of low temperatures on the hardening of cement. H.Kreucer. Beton 
u. Eisen, 21, 74-8(1922); J. Soc. Chem. Ind., 41, 635A.—K.’s investigations cover the 
effect of low temps. on the compressive strength of 1 : 3 cement and sand mortar contg. 
from 8% to 15% HO. The normal tests were for mixts. with 8% HO, and hammered 
into mold, 7 days, 345, and 28 days, 560 kg. persq.cm. Immediate exposure for 3 days 
at —15° to —18°, followed by 1 day moist air at +15° to +18° and the rest in H,O 
at same temp., showed reductions in compressive strength in cubes with 8% H:O of 
only 23% and 16% for 7- and 28-day tests. Similar frost exposure tests beginning at 
the start, the middle and the end of the setting period showed the following reduction 
in compressive strength, resp.: for the 28-day test only 14%, 4% and 0%. Plastic 
mixts. made by hand contg. 12.7% H.O showed normal tests, 7 days, 154 and 28 days, 
317 kg. per sq.cm. The losses by immediate frost exposure were 30% and 35% resp. 
The losses by frost exposure at beginning of set as above were, for the 28-day tests, 
24.0%, 22.7%, and 17%, resp. Injury was avoided and normal strength developed 
if the mortars contg. 8% H.,O were kept for 2 days at +4° to +6° before the 3-day 
exposure to —18°, followed by 1 day in moist air and the rest in water at +15° to +18°. 
Alternations of —18° and +18° on successive days, following 1 day of moist air at 
+15° to +18°, reduced the strength after 28 days by only 14%. If, however, the 
freshly mixed mortar was immediately exposed to —18° for 1 day and then to 1 day in 
H,0 at +18° and 1 day in air at —18° to the end of test, the loss of strength in the 28- 
day test was 60%. Plastic mixts. (15% H2O) were weaker at the start and lost heavily 
by the alternating treatment. At +3° the rate 
of hardening is only half of the normal rate at 
+15° to +18°. The practical point is that 2 
days holding of the mortar at +4° to +6° pro- 
tects it from damage by subsequent freezing. 
Reference is made to studies on cooling of fresh 
concrete in freezing weather by T. Yoshida, 
C. A., 16, 152. 
12. A new “wet” process of lime manufac- 
ture. N. C. Rockwoop. Rock Products, 24 
{19], 25-8(1921).—An iiiustrated description 
of the patented process of Schaffer and Crow 
(cf. Ceram. Abs., 1 [8j, 92 (1923) for utilizing 
H.O vapor in calcination. C.C. D.(C. A.) 
PATENT 


13. Counting device. JacguEs Rovusso. 
U. S. 1,463,910, Aug. 7. A counting device 
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comprising a guide; counting means on said guide operable by the passage of 
articles thereon; a register operable by said counting means; and means, operable by 
said register, for locking said counting means against operation after a pre-determined 
number of operations thereof in position to prevent the passage of further articles, 
substantially as described. 


Glass 


14. Optical glass. E.Irvine. (Nat. Phys. Lab.) Engineering, 116, 93(1923).— 
In the work on optical glass Miss I. has been able to make large pots by the pressure- 
casting process. For the viscosity researches, rods of glass had been drawn by means 
of an appliance due to R. L. Frink and the National Physical Laboratory. Previously 
the rods had been drawn through water-cooled steel vessels at such a rate that they 
became chilled in the desired shape; iron has been advantageously replaced by aluminum. 
Really satisfactory pot materials, which will resist the attack by the molten glass, have 
not yet been found; pure fused zirconia is still on trial. O. P. R. O. 
15. Volume production of incandescent lamp bulbs. GrorG GEHLHOFF. Zeits. 
d. V. deut. Ing., 67B [21], 524-6(1923).—Description of bulb production as practiced 
in Ger. discussing types of bulbs, compn., melting and working practice. W. M. C. 
16. The basis of progress in the glass industry. G. KeppELER. Zeits. d. V. 
deut. Ing., 67B [27], 509-12(1923).—Discusses progress achieved in fuel tech., machine 
development in hollow ware, table ware, window, plate and other glass manuf. Chem 
and phys. developments in the field of glass tech. W. M. C. 
17. A modern window glass plant. R. KNorRRN. Zeits. d. V. deut. Ing., 67B 
[27], 513-6(1923).—Gives plans and working drawings describing layout of the plant 
at St. Ingbert in Pfalz. W. M. C. 
18. The technology of the glass furnace. H. Mauracnu. Zeits. d. V. deut. 
Ing., 67B [21], 517-22(1923).—Treats of fur. design and opern., combustion conditions, 
temp. measurement, burner arrangements, fuel requirements and plant design. 
W. M. C. 
19, The annealing of glass. F. Ecnertr. Zeits. d. V. deut. Ing., 67B [21], 522-3 
(1923).—The conditions underlying the presence and elimination of strain are described. 
W. M. C. 
20. Grinding and polishing of plate glass. A. Scuimp. Zeits. d. V. deut. Ing., 
67B [21], 538-42(1923).—Detailed paper with micro-photographs of ground and pol- 
ished glass surfaces, diagrams, and sketches of equipment. W. M. C. 
21. A comparison of French, English, German and Austrian laboratory glassware. 
P. NIcoLARDOT. Chimie et industrie, 9, 233-44, 469-84(1923).—N.-reviews previous 
work, describes at considerable length his own expts., comparing them with previous 
results by others, and reviews and discusses the work of Cauwood, English and Turner 
(C. A., 12,212). The most suitable test for rapid classification of glass, from the stand- 
point of resistance, is heating with water under pressure at 120°, 140°, 160° and even 
higher, for a sufficient time to obtain appreciable attack of the glass. 0.1 N HCl at- 
tacks glass less than pure H.O does at 100°, but more after than before heating with H,O 
under pressure. Attack by NH,Cl is due to the NH;, not the HCl. High-grade glass 
wares are resistant, even after prolonged use, English and French glasses being superior 
to German. Steam does not attack glass as much as water does (at the same temp.) and 
can be neglected when boiling analytical solns. at atm. pressure. N. gives analyses of 
the 14 glasses which he investigated, and discusses at great length the effects of the 
various constituents, This part cannot be satisfactorily abstracted. 
A. (C. AD 
22. Catalysis in glass formation. E. Greriacn. Chem.-Ztg., 47, 146(1923).— 
F and missible amts. of FeO; in limestone for sands of various iron contents. From 
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calens. of representative batches, the max. permissible for a decolorized glass was found 
to be 0.18%, but this is regarded as a dangerously high figure in practice. Samples 
quoted ranged from a Dowlow (Buxton) limestone with Fe;O; 0.01% (non-volatile insol. 
matter 0.32%) to a soapworks waste with Fe,O; 0.10% (non-volatile matter 0.51%). 
For pale green glass suitable samples ranged from Barnetby limestone with Fe,0; 0.14% 
(non-volatile matter 1.94%) to a chem. works waste with Fe,0; 0.32% (non-volatile 
matter 3.62%) while for a dark green bottle glass the limes with high Fe,O; content 
were desirable as, in conjunction with a low-grade sand, they supplied the bulk of the 
coloring oxide needed in the glass. J. & ©. &. 
23. British glass industry; its development and outlook. W.E. S. TurNER. J. 
Soc. Glass Tech., 6, 108-46(1922).—Presidential address, contg. an account of the 
history of the industry with statistics as to number of factories, workmen, production, 
exports, imports, etc. 
24. Problems in the melting of glass. II. Discussion. J. Soc. Glass Tech., 6, 
147-56(1922).—(1) Best ratio of cullet to batch—When batch alone is used, the glass 
takes longer to plain and is also somewhat softer. It may contain very fine seed which 
affects its working properties. The cullet contains more iron and more alumina than 
the batch, therefore it makes the glass more colored and more viscous, but it helps in 
plaining. Practice varies widely, depending largely on the amount of cullet available. 
In the case of tank furnaces, the important thing is to keep the ratio constant so that 
the properties of the glass will not change. (2) Salt cake vs. soda ash in soda-lime glass 
batches—Although no scientific explanation is at present available, it is a matter of 
experience that glass made from batch containing salt cake is easier to work, and ap- 
parently has a longer viscosity range than if soda ash alone is used. It was suggested 
that this is due to greater homogeneity. It is American practice in making window 
glass to use 1 part salt-cake to 2 parts soda ash. However, the salt cake is more cor- 
rosive of the refractories and sometimes gives a bluish green color. See also Ceram. 
Abs., 2 [5], 93(1923). 
25. Columnar structure in sandstone tank blocks after rapid heating and cooling. 
Joun Currié. J. Soc. Glass Tech., 6, 156-60(1922).—Blocks forming the lower course 
of the walls of a green bottle glass tank became rapidly heated from about 800° to 
1300° during the draining of the tank and were then rapidly cooled. They were found 
to show a columnar structure normal to the cooling planes, similar to that of basaltic 
columns. Four photographs are reproduced. (C. A.) 
26. Medieval glass of York Minster. W.F. Norris. J. Soc. Glass Tech., 6, 
160-7 (1922),—York Minster has over 25,000 sq. ft. of English glass of the 13th, 14th 
and 15th centuries. During the War, 23 windows were removed for preservation, and 
it was then found that the lead had disintegrated and the glass seemed to be diseased, 
many pieces being badly pitted and some having scaled off until they were paper thin; 
others had crumpled to dust. The windows were being gradually cleaned and releaded, 
the mellowing effect of centuries of dirt being removed but the original brilliancy being 
restored. W. E. S. Turner explained the disease as due to a gradual hydration of the 
glass, which was doubtless a lime glass made from French sand with perhaps not much 
alumina. 
27. Heat-resisting glasses. W. E. S. Turner. J. Roy. Soc. Arts, 71, 401-12; 
Glassworker, 42 [30], 13, 21, 22, 24, 26(1923).—A discussion of the whole subject. 
The work done at Jena, establishing the relationships between the mechanical prop- 


erties and chem. compn. in glasses, needs revision. Also in Potter Gas., 48, 607-17 
(1923). G. E. B. (C. A.) 


28. Manufacture of colorless glass in a tank furnace. F. W. Apams. J. Soc. 
Glass Tech., 6, 205-10(1922); Pottery Gaz., 47, 1031, 1033.—The tank should be long 
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enough and deep enough to melt and ‘“‘fine’’ the charge properly before it is 
passed through the ‘‘doghole.”” The working end should hold slightly more than the 
estd. daily output. Good refractories are essential, as modern machines need a fairly 
soft and therefore corrosive batch. A batch with a high content of soda ash corroded 
blocks of high silica content more than blocks of high alumina content in the same fur- 
nace. A block which withstood the action very well was close grained and had the 
compn. SiO: 58.9, Al,O; 37.58, FezO; 1.71, CaO 0.54, MgO 0.47, Na,O 0.36, K2O 0.84%. 
The necessity for regular chem. supervision of batch materials and for thorough mixing 
and accurate weighing is emphasized. MnO, is a cheaper decolorizer than Se, but is 
affected by furnace conditions, e. g., by standing over the week-end. With Se quick 
melting is essential to prevent loss by volatilization. The coloring effect is regarded 
as due to colloidal particles of Se sepg. out. The melting temp. is detd. by the type of 
batch used and by the output, but is normally about 1350—-1400°. More Se is needed at 
lower temps., with the danger of producing a dirty brown color, which with a rise in 
temp. of the tank turns to a decided pink. The Se glass in the leer if too cold becomes 
green, and if too hot pink. Storage of Se glass in strong sunlight has been known to 
produce a yellow color, which can only be removed by re-melting. A. recommends the 
stabilization of working conditions as far as possible once they have been worked out 
for a given amt. of iron in the batch. For discussion see Pottery Gaz., 47, 1208-10. 
29. Density of soda-lime-magnesia glasses and calculation of density. S. ENGLISH 
AND W. E. S. Turner. J. Soc. Glass Tech., 6, 228-31(1922).—The substitution of 
magnesia for lime in the trisilicate glasses brought about a continuous lowering of the 
d. without any sign of a minimum value, such as was observed in the case of the anneal- 
ing temps. Baillie’s proposal (Ceram. Abs., 1 [5], 145; ibid., 1 [1], 19) of the formula, 
A/D = pi/d, + fr/d2 + ps/ds +...instead of Schott’s, 100/D = p,/d; + pr/d, + 
p:/d; + ..., A being the sum of the oxides, gave good results, but the authors’ method 
(C. A., 14, 3509) had a more definite basis in that the d. of silica was assumed un- 
changed in the glass and from that the soda, lime, magnesia, etc., factors could be 
caled. by using a plain soda silicate and then a soda-lime silicate, etc. Results obtained 
by Schott’s, Baillie’s, and the authors’ methods were compared with observed values 
and it was shown that while Schott’s method gave greatly divergent values, those ob- 
tained by Baillie’s method were very near, and those by the authors’ method still 
nearer, the observed values. 
30. Mixing of glass batches in factories. A.W. DickENSON, V. DimBLesy, L. E. 
NorTON AND W. E. S. Turner. J. Soc. Glass Tech., 6, 234—46(1922).—The grain 
size of all constituents should preferably be similar. Very fine sand and in some in- 
stances very fine lime should not be included, as they contain undesirable impurities. 
The danger of segregation of perfectly dry batch when stored in hoppers over the ‘‘dog- 
house”’ of a tank furnace is pointed out and also the beneficial effect of moisture, up to 
a point, in preventing this. Various analyses of 
batches mixed by hand and by 3 different types of 
mixing machines showed a decided superiority as 
regards homogeneity of the machine-mixed batch 
over that mixed by hand. <. 
PATENTS 
31. Tool for cutting glass while in a plastic 
state. DANIELS. BEEBE. U. S. 1,457,491, June 5. 
A cutting tool for glass comprising a frame in the form of a ring having radial stiffen- 
ing arms extending across the same, and a series of small cutting wheels mounted ina 
circle on tae under side of the ring so as to rotate about axes forming radii of said circle. 
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32. Method and apparatus for drawing glass cylinders. THomas STENHOUSE. 
U.S. 1,460,285, June 26. In mechanism to control the speed of acceleration of drawing 
glass cylinders, a movable part controlling the 


| operation of the drawing apparatus, and mechanism 
fn) to automatically actuate said movable part, in- 
ig , Cluding a rectilinearly movable element, a cam 

x od co-acting with said element; and means to operate 


said cam at a predetermined speed whereby the 
speed of the drawing operation is automatically increased in proportion to the decrease 
in temperature of the glass. 

33. Method of and apparatus for supporting glass cylinders. THOMAS STENHOUSE. 
U.S. 1,460,286, June 26. Ina support for glass cylinders, a plurality of spaced support- 
ing units, each including a cylinder and a piston operating therein, a supporting saddle 
for the glass cylinder, mounted upon 
each of the pistons, and transversely 
movable relative to the axis of the 
cylinder, fluid supply means connecting 
and affording communication between the 
several cylinders, the fluid medium in the 
respective cylinders exerting a variable 
sustaining influence upon the pistons 
thereby to equally distribute the weight 
of the glass cylinder between the supports, 
and manually operable valves for closing communication between said cylinders to 
maintain the sustaining influence of the fluid medium constant and lock the supports 
against vertical movement during the severance of the glass cylinder into sections. 

34. Apparatus for producing charges of molten glass, CiypE R. Lorr. U. S. 
1,458,834, June 12. The combination with a receptacle to contain molten glass and 
having a discharge openifig in the bottom thereof through which 
the glass discharges downwardly, a mechanical cutter, means to 
periodically operate the cutter to sever charges of glass at a 
point a short distance below the discharge opening and then with- 
draw the cutter, a burner located at one side of the path of the 
glass, and means to shift the burner beneath the discharge opening 
after the cutter withdraws and direct a flame against the freshly 
cut surface of the glass. See Ceram. Abs., 1 [1], 23(1922). 

35. Method of and apparatus for drawing sheet 
glass. SeTH B. HENsHAW. U. S. 1,460,582, June 3. 
In a sheet glass drawing apparatus, means for drawing 
a flat sheet from the glass mass and rolling dies engag- 
ing the edges of the sheet near its source driven to have 
a peripheral speed of not to exceed one-half the speed 
at which the sheet is drawn. 

36. Feed trough for glass furnaces. WALTER G. — 

CiaRK. U.S. 1,458,522, June 12. In combination, a furnace; a feed trough therefore 
comprising a horizontal portion having a closed outer end wall and downwardly opening 
port near its outer end and having at the inner end an upflowing glass feed trough con- 
sisting of a riser chamber open at both ends and extending somewhat above the axis 
of the housing through which the glass rises upwardly from below its level within said 
chamber; an electric-resistance heating means associated with said trough and com- 
pletely embedded in the walls thereof and extending substantially from end to end 
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cf the horizontal portion whereby to melt the glass within said trough; a second 
heating means comprising electrodes in communication with the interior of the trough 
at opposite ends thereof, whereby the glass may 
be maintained in molten state by passing a 
heating current through the molten glass; and a 
pair of controllable electric current supply means 
whereby current may be supplied at will to said 
resistance heating means or said second means or 
both. 

Glass-blowing machine. James M. 
Younc. U.S. 1,458,454, June 12. 

38. Take-out and delivery device for glass- 
blowing machines. JAMES M. Younc. U. S. 
1,458,455, June 12. 

39. Take-out and steadying device for glass- 
blowing machines. James M. Younc. U. S. 
* 1,458,456, June 12. 

40. Method of and apparatus for feeding 
molten glass. Scotr Davipson. U. S. 1,458,167, June 12. The 
herein described method of delivering glass to the molds of a 
forming machine, which consists in the establishment of a regu- 
lated stream of glass, arresting the downward movement of said 
stream until a sufficient mass of glass has been accumulated 
therefrom, supporting said mass along its bottom and its side 
a predetermined interval, and then first releasing the mass en- 
tirely on its bottom and simultaneously during such release im- 
parting to the batch a rotary movement, and immediately sub- 
sequent to the release of the batch on its bottom a jolt for 
assisting the discharge of the batch by gravity. 


Heavy Clay Products 


41. Study of the warpage of refractory mixtures, clays, kaolin, and porcelain when 
fired at different temperatures. M. Marc Larcnevfique. Céramique, 26, 167-80 
(1923).—The purpose of this work was to study the resistance of ceram. bodies to warp- 
age at different temps. Bars 25.1 cm. x 2.2 cm. x 1.0 cm. were molded and after they 
had been dried were placed across two knife edges 20 cm. apart. The warpage of these 
fire-clay bars after being fired to different temps. was measured. Tests were made on 
raw bars and also with the same clay bars after they had been fired between 1375° to 
1400°C. It was found that the warpage was much less on the bars that had been 
fired to 1375-1400°C than on the raw bars. The resistance of kaolins to warpage 
after firing was very high. ‘The resistance of some porcelains to warpage was very good. 
Tests were also made with mixts. of washed fire clay and grog and different kinds of 
sand. Bodies made with 1 part of clay and 1 part of sand were more resistant to warp- 
age than bodies containing 1 part of clay and 1 part of grog. Bodies contg. the finer 
grained sand were more resistant to warpage than those contg. coarse sand. Mixts. 
contg. a no. of clays instead of one often produced bodies having a higher resistance 
to warpage than bodies composed of one clay. H. G. &. 

42. The use of the petrographic microscope in ceramics to examine the structure 
of clay in the raw and fired state. Lion BERTRAND. Céramique, 26, 180-94(1923).— 
The examn. of thin sections with the petrographic microscope affords a quick and easy 
method of examg. the structure of clays. Microphotos. are shown of plastic clays 
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free from quartz; clays with fine-grained quartz; clays contg. iron stains, clays contg. 
coarse grains of quartz and clays contg. crystalline kaolinite. The examn. of thin sec- 
tions of quartzite also affords an excellent method for selecting the better grades of 
quartzite for silica brick. With quartzites from a certain district those having the 
finest grains were found to be best adapted for producing silica brick. By examg. 
these under the microscope it is possible to select the better grades of quartzite from 
the poorer grades. Great emphasis is placed upon the size of grain of the quartz both 


in clays and in quartzites. H. G. S. 
43. Government specifications on all types of brick work. ANoN. Brick and 
Clay Record, 62, 869, 872-3, 892(1923). 5. W. &. 


44. Darlington Clay Products Co. II. C. Forrest Terrr. Brick and Clay 
Record, 62, 858-62(1923).—For the first installments see Ceram. Abs., 2 [7], 156-7 
(1923). Final installment with description of control equip. used for gases passing 
through drier. Also method of setting kiln, starting fires, burning schedule and kiln 
cooling. W. 

45. (Coal) Clinker brick. J. Kouzner. Rev. Mat. Constr. Trav. Pub., 164, 
112-4(1923).—Clinker of approx. compn. in %, SiO, 40, CaO 12, Al,O; 16, Fe,O, 12, 
MgO and alkalies 7, undetd. 3, contg. 10-15% of unburned material has been successe 
fully used for making brick. The dried material is ground in a battery of three mills, 
the last giving a powder. 8-10% by wt. of lime are then added by either (1) mixing 
with quicklime and slaking in a tank, (2) mixing with quicklime and slaking in a drum 
under steam pressure (German Method), or (3) mixing in the open air with lime pre- 
viously slaked and bolted. K. states that the 3rd. method is less costly as to manuf., 
maintenance and initial cost, than the othertwo. The mixt. passes through a muller on 
its way to the presses. The brick are then piled on trucks and immediately put into 
an autoclave for 6-7 hrs. under satd. steam pressure of 7-8 kgms. L. N. 

46. Romance in industry. Srarr ArticLe. Brick and Clay Record, 62, 940-73 
(1923).—Technical description of reconstructed plants of Los Angeles Pressed Brick 
Ce. located at Los Angeles, Santa Monica, and Alberhill, mfg. face brick, architectural 
terra cotta, roofing tile, hollow tile, refractories. The entire object of reconstruction 
based primarily on reduction of costs and not increased production. Photos of equip- 
ment accompany article. 

PATENTS 

47. Building block. CaRoLINE KELLY and THomas BeEtvorr. U. S. 1,457,437, 
June 5. A block for building purposes comprising at least three ele- 
ments stepped relatively to one another both vertically and hori- 
zontally, so that each Se 
block, although formed uf “td 
in one piece, is in the 
form of superposed: 
parts and having ver- 
tical and _ horizontal 
grooves in its edges. 

48. Truck for 
handling hollow blocks 


az 


#3 


and tile. T. Srraicnt. U. S. = by 
1,457,639, June 5. A device for han- a ia 
dling hollow tile comprising a frame, 


having a series of horizontal prongs 
spaced apart so that each may enter the opening of a correspondingly spaced tile of a 
series of adjacent and symmetrically arranged tile, means for elevating and lowering 


> 
¢ 
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said frame, means for swinging said frame in a horizontal plane when in any of its 
vertical positions of movement, and means for moving said prongs longitudinally into 
and out of the tile when said prongs are in any of their positions 
of movement. 

49. Clay shingle block and wall construction. ARTHUR 
HARDONCOURT, JR. U.S. 1,464,423, Aug. 7. A tile pro- 
vided with opposite faces each terminating at one edge in a 
flange projecting beyond the body portion, one of said faces 
being relatively inclined. 

50. Method of forming texture brick. FRANK W. But- 
TERWORTH. U. S. 1,463,936, Aug. 7. The method of form- 
ing texture bricks comprising 
applying sand to the surface 
thereof and thereafter stippling 
said surface, 

51. Sanded texture brick. 
FRANK W. ButrerwortH. U.S. 
1,463,937, Aug. 7. A_ brick 
or the like 
having a 
substant- 
ially plane surface, said surface being broken by a series of 
spaced deformations, and a film of sand upon the undeformed 
surface of the brick. 


Refractories 


52. Fire brick disintegration. C. E. NEspir AND M. L. Bewy. Brick and Clay 
Record, 62, 1042-3(1923).—Fire brick disintegration in linings of blast furnaces making 
iron seems greatest 40 to 50 ft. from top of fur. The authors, after comprehensive re- 
search, attribute disintegration of fire-clay brick in these positions to objectionable 
iron compounds in the fire clay. If fire-clay brick contains free or loosely combined 
Fe,O3, the CO in furnace atmosphere reacts with Fe,O; depositing voluminous graphitic 
carbon which bursts the brick. Reaction is fairly rapid at 325 to 525°C. See Chem. 
Met. Eng., 28, 987(1923). Brick containing 144% iron pyrites failed practically in 
same manner as brick with corresponding amt. of iron ore. The only practical remedy 
is to weather the clays in a layer not over two feet thick for at least two months. Suffi- 
cient space to insure the necessary supply for this period must be provided. If the 
weather is dry, the layer must be watered weekly. This treatment will oxidize the 
iron compds. which will be apparent by a change to a brown or yellow color. Such 
lumps or patches must be discarded and only the unstained clay used. Should the clay 
slake or break up readily, it should be turned over with a plow or some mech. means 


to expose the under side and the sorting repeated after weathering. J. W. H. 
53. Making stiff mud fire brick. A.B. Cocnran. Brick and Clay Record, 62, 
852-4(1923). J. W. H. 


54. A new refractory tester. ANon. Jron & Coal Trades Rev., 107, 15(1923).— 
The appliance shown in Fig. 1 has been designed to embody all available experience for 
ascertaining the actual softening point of refractory materials under load; it also graph- 
ically records, by means of an automatic mechanism, the thermal expansion before the 
softening point is reached and, the’subsequent contraction, or compression. The app. 
consists of an elec. carbon resistance fur. 14, and of a lever press. The fur. is designed 
for a voltage of 100 to 120, and consumes about 12 kw. up toa temp. of 1600°C, The 
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fur., which is vertical, has an internal diam. of about 100 mm. An anvil of hard elec- 
trode carbon, about 300 mm. long, and 60 mm. diam., projects into the bottom of the fur. ; 
the test piece is placed on the anvil and has a diameter of 50 mm. and a height of 50 mm. ; 
it is cut out of a standard sized brick of the material to be tested, by means of a hollow 
diamond drill. Cubes can also be used, sawn out of finished bricks and having the two ends 
smooth. When new refractories are subject of research and test, the test pieces are conv-- 
niently prepared by pressing the substance into a steel mold and by subsequent firing. 
The upper carbon anvil or ram of 480 mm. length and also 60 mm. diam. is loaded. 
This is accomplished by means of the simple lever 1, which has its fulcrum at 2and at 
the other end is forked and carries the two hinge pins 3. These pins press on the bearing 
of the plate 5, which hangs on 1 from which it can readily be detached. The plate 
5 rests on the carbon ram 6. The load is varied by simply varying wt. in the scale-pan 
12 which is hung from the lever 1 at point 4; the wts. can be varied between 20 and 40 
kgs., which on an area of 20 sq. cm. corresponds to a load of 1 to 2 kg. persq.cm. The 
plate 5 can be lifted from the ram 6 by means of the releasing gear which is worked by 
the lever 8. The movement of the lever 1, caused by the expansion and softening of 
the test piece is barely perceptible to the eye. To make the movement plainly visible 
it is magnified from 10 to 20 X by means of the rod 9 and the pointer 10 which is 1 m. 
long. By securing a stylus to the pointer 10, a curve is drawn on a recording drum 11 


| 


| 


Expansion ond Conirocnon 


time? 2 J 


Fic. 1.—Details of refractory test- Fic. 2.—Curves showing expan- 
ing machine. sion and contraction of refractories 
under test. 


showing the expansion of the test piece and of the two carbon rods with uniformly 
increasing temperature. Fig. 2 shows a number of such curves relating to well-known 
refractories. The horizontal axis is marked with a scale of time corresponding to the 
speed of rotation of the drum. All curves were obtained with a uniform temp. rise of 
about 20°C per min. Thus a temp. scale is shown beneath the time scale and cor- 
responding to the latter. The vertical axis measures the expansion and contraction 
of the test piece in furnace plus the expansion of the portion of the carbon ram which 
projects into the furnace. The rising portion of the curves corresponds to the period 
of rising temp. and expansion before softening. The moment the softening point is 
reached, the curve first becomes horizontal and then deflects rapidly downwards. Dif- 
ferent types of refractory materials exhibit characteristic curves; under a load of 1 kg. 
sq. cm., fire bricks begin to soften between about 1200° and 1300°C. The compression 
which takes place with a further increase in temp. is slow; the curve for magnesite bricks 
is similar, with the exception that the softening point is higher, at about 1350-1400°C. 
The two lower curves represent respectively a high quality well-burned silica brick 
with a true sp. gr. 2.34 and an imperfectly burned silica brick with a true sp. gr. 2.51. 
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For the purpose of measuring the temp. of the test piece, the upper carbon ram 6, is 
provided with an axial hole 20 mm. diam. The center of the upper surface of the test 
piece can be observed through this hole and the temp. measured by an optical pyrom- 
eter protected from the radiant ht. of the fur. by diverting the rays at right-angles 
by means of the totally reflecting prism 15. Up to about 1400°C, the temp. can be 
measured accurately through the hole in the upper carbon ram; but above this temp. 
vapors are formed in the hole which disturb the path of the rays and cause the temp. 
to appear toolow. In order to get over this difficulty a dense refractory tube (pyrom- 
eter tube), the lower end of which is sealed, is inserted into the hole in the carbon ram 
and the inner surface of the bottom of the pyrometer tube is observed. with the pyrom- 
eter. The temp. can also be measured by means of a thermocouple and read off on 
a galvanometer pointer or drawn by means of a recording apparatus. The whole app. 
is mounted in an angle iron framework. It is fitted with two rollers to enable it to be 
wheeled into position in front of the elec. fur. and the 4 rising screws in the feet enable 
it to rest firmly in position. O. P. R. O. 
55. Studies on the dolomite system. I. The nature of dolomite. A. E. Mitcu- 
ELL. J. Chem. Soc., 133, 1055-69(1923).—Dissociation pressures of calcite, mag- 
nesite, and dolomite are different and definite; that of calcite being least, of magnesite 
greatest. It is concluded that the thermal dissociation of dolomite is represented by 
CaCO;, MgCO;—— CaO, MgO + 2CO,. The thermal dissociation of calcite follows 
the Nernst equation. The sp. heats of magnesite and the solid decompn. product of 
dolomite are, respectively, 0.2033 and 0.2101 cal. at 15-20°. The heats of soln. of 
dolomite and its solid decompn. product in HCI have been detd., and the heats of for- 
mation of the 2 substances from their elements calcd. It is yet impossible to decide 
whether dolomite is a singular point in a series of solid solns. or a compd. 
E. F. H. (C. A.) 
56. A chemical study of dolomites. N. Knicut. Proc. Iowa Acad. Sci., 28, 
37-45(1921); cf. C. A., 15, 3601.—K. reports analyses of specimens of dolomites, so- 
called, from a number of different countries, and states that some are properly termed 
dolomites, while others are Mg-limestones, with only a small % of Mg. Some contain 
very little of either Ca or Mg, but are sandstone. W. G. G. (C. A.) 


57. The formation of emery observed at an occurrence of corundum rock in Uru- 
guay. K. WaLTHER. Z. deut. geol. Ges., 73, 292-338(1922); Mineralog. Abstracts, 2, 
12.—A corundum rock occurring with cordierite-hornfels and phyllite at Cerro Redondo, 
near Minas, is petrographically and chemically described. It contains a mineral re- 
garded as monoclinic and dimorphous with diaspore, named kayserite. Theories of the 
origin of emery are reviewed, and a pneumatolysis of sedimentary rocks by AIF; is 
suggested. EH. F. H. (C. A.) 

58. The prochlorites of the corundum-bearing rocks. J. OrcEL. Compt. rend., 
176, 1231-4(1923).—The corundum deposits on the eastern coast of the U. S. are always 
associated with phyllites in which chlorites of rather constant compn. are prominent. 
Among them corundophilite, Si0./R2O; = 1.5, and amesite, SiO./R2O; = 1, contain the 
highest % of Al. Analyses of specimens from N. C., Pa. and Ga. are quoted. Analysis 
by O. of a specimen from the Carter Mine, Madison Co., N. C. gave: SiO: 27.35, TiO: 
trace, Al,O; 25.3, Fe.O; 0.53, FeO 5.19, MnO trace, MgO 29.91, HO —0.08, H:O +12.09, 
sum 100.45%. From the optical properties and chem. compn. the prochlorites may 
be divided into 2 groups: (1) the ferruginous or ripidolites defined by the ratio 
MgO/FeO = 3 or less, and a feeble birefringence (0.001 to 0.005); (2) the magnesian 
for which the ratio MgO/FeO = about 10 and the birefringence about 0.01. The 
name grochauite is suggested for this group. W. & ©. 
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PATENTS 


59. Refractory composition. JoHN L. Onman.. U. S, 1,458,723, June 12. A 
refractory composition for heat resisting articles, comprising crystalline alumina and 
crystalline graphite. 

60. Refractory composition. JoHn L. Onman. U. S. 1,458,724, June 12. A 
refractory composition for heat resisting articles, comprising silicon carbide and crystal- 
line alumina, and crystalline graphite. 

61. Refractory composition. JoHN L. OuMAN. U. S. 1,458,725, June 12. A 
refractory composition for heat resisting articles, comprising crystalline alumina and 
fused silicon oxide, and crystalline graphite. 

62. Non-recrystallized refractory material. A. FarisH. U.S. 1,458,913, 
June 12. A non-crystallized refractory material for heat resisting articles comprising 
silicon carbide, crystalline graphite, a carbonizing binder, and sand. 

63. Magnesia refractory. Wa.LLACE W. GREENWOOD. U. S. 1,461,444, June 12. 
A composition of matter comprising preshrunk magnesia grains forming the major 
portion of the total mass and a ceramic bond proportioned and constituted to unite the 
grains into a super-refractory body which will withstand drying and firing without 


detrimental shrinkage. 
Whiteware 


64. Microscopical examination of China clay. J. M. Coon. Pottery Gazette & 
Glass Trade Rev., 48, 1162(1923).—Used with a grading elutriator it is valuable. Gen- 
eral examn. can be made in water, but castor oil is a preferable medium; Canada balsam 
can be used but does not yield such high relief, as the difference in refractive index is 
less. It will be necessary to have at hand a quartz wedge and selenite plate, giving 
red of the first order. Reliable information is contained in A. B. Dick’s paper in the 
“Mineralogical Magazine,”’ 1888 and 1908, the latter giving the corrected optical details, 
which are readily verified with a decent microscope and proper material. 

O. P. R. O. 

65. China clay in California. THos. Normie. Brick and Clay Rec., 62, 979-80 
(1923).—Article contains interesting facts regarding early history of whiteware industry. 

W.. 

66. Acid- and chemical-proof stoneware. M. A. Knicutr. Ind. Eng. Chem., 
15, 472-3(1923).—A general description of its manufacture and uses. C. H. K. (C. A.) 

67. The development of high-tension porcelain insulators and the testing of same. 
J. F. Scnem. Elektrotechn. Maschinenbau., 41, 253-61(1923).—A review. 

PATENTS 

68. Porcelain. CHESTER C. TREISCHEL. U. S. 1,462,396, July 17. Araw batch 
for a porcelain mix comprising beryl as a component. See Ceram. Abs.,2 [3], 55(1923). 

69. Insulator connecter. GRANDON E. EckerT. U. S. 1,458,811, June 12. A 
cotter pin for use with an apertured supporting member, said pin 
being formed from a strip of spring sheet metal of materially 
greater width than thickness, and comprising a pair of legs in- 
tegral with and connected by spring bends to the head end of 
the pin, said legs being spaced apart and oppositely offset to form 
retaining abutments adapted to automatically engage the walls 
of the apertured supporting member and to prevent accidental 
disengagement of the pin after its insertion. 

70. Insulator. Water T. Gopparp. U. S. 1,458,754, June 12. A pin type 
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insulator comprising a plurality of nested insulating sections each of which is provided 
with a hollow central portion having a threadless conical exterior surface, and each 
of which is also provided with an annular bearing shoulder in- 
clining upwardly toward the center of the insulator, the said 
inclined shoulder on at least one of said sections projecting out- 
wardly beyond the base of the said conical central portion of the 
section upon which it is formed and being adapted to codperate 
with the said inclined bearing shoulder on the adjacent insulating 
section, the adjacent conical surfaces 
of said sections being spaced apart 
at all points above the surface of contact of said shoulders. 
See Ceram. Abs., 2 [9], 200(1923). 

71. Insulator. Water T.Gopparp. U.S. 1,458,755, 
June 12. The combination with an insulator provided 
with a central attaching head or lug having an annular 
undercut shoulder, of a two-part strain member loosely 
-connected to the attaching head, said strain member comprising a cup-shaped body 
portion having an outwardly directed peripheral flange and an attaching ring, said ring 
being adapted to embrace the flange of the cup-shaped body portion and being pro- 
vided with a plurality of independently yielding fingers having 

supporting engagement with the annular shoulder of the said 
head. 214, 
72. Strain insulator. T. Gopparp. U. S. 
1,458,756, June 12. In a strain insulator, the combination ‘% - b>- 
with a frangible element of insulating material having apertures “— . 
therein and a connected element, one of which is supported 

by the other through the medium of a continuous flexible member laced through 
the apertures in the frangible element, of a jack screw threaded into the connected 
element and bearing against the frangible element to exert a separating strain operating 
to stretch the flexible member and distribute its application of force among its bearing 
points. 


Equipment and Apparatus 


PATENTS 


73. Humidifying apparatus control. Apo_.pH W. LissaAvER and ‘WALTER L. 
FLEISHER. U. S. 1,458,490, June 12. In combination with an enclosure, a humidi- 
fying apparatus control comprising a chamber 


through which air may be circulated before 
it enters the enclosure, a humidity control ib 
associated with the chamber, a heater for | — 


preheating the air coming from the chamber { 
to the enclosure, a thermostat in the enclosure , ° 
for controlling the heater, a second thermostat 7. a ll » 
in the enclosure connected to the humidity fo ae " 
control to prevent the operation of the said 
humidity control until a predetermined temperature is built up in the enclosure by the 
heater, substantially as and for the purposes set forth. 

74. Electric furnace. Irvinc R. VALENTINE. U. S. 1,457,718, June 5. An 
electric furnace comprising a receptacle adapted to contain molten charge, a refractory, 
heat conducting solid body therein located above a charge in said receptacle and in 
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close thermal relation thereto and means for heating 
said body by one or more electric arcs. 

75. Furnace sectional dead grate with brick in- 
serts. FRANK B. BiGELow. U. S. 1,455,858, May 22. 
A furnace dead-grate section having a plate with an 
inwardly extended ledge on its inner face for the greater 
portion of its 
length be- 
tween its up- 
per and lower 
edges, a_ plu- 
rality of spaced 
braces joining 
the top face 
of said ledge 
with the inner face of said plate, a brace 
beneath one of said upper braces connecting 
the lower face of said ledge with tke inner 
face of said plate beneath said ledge, said 
plate having an inwardly-offset apertured 
part adjacent to said lower brace and below 
said ledge, said plate also having an in- 
wardly-extended plate-section along its top 
edge below the lowermost brace above the ledge, said plate beneath said top plate- 
section and adjacent to said lowermost brace having an inwardly-offset apertured part. 


Kilns, Furnaces, Fuels and Combustion 


76. Making brick and tile in Dixie. Srarr ArticLe. Clayworker, 79, 549-50 
(1923).—The fol. data are given relative to the economy of the Minter system of drying 
and burning brick and building tile at Dixie Brick Co. of Columbus, Ga. Waste heat 
from kilns is used in driers, there being a nine track drier 110 ft. in length, accommodat- 
ing 15 cars, each holding 570 brick. Two fans are used for the necessary draft. These 
fans are of special design and adapted to the work required. The brick are burned in 
nine Minter round draft kilns, twenty-seven feet in diameter, each holding 750,000 
brick. The hot air from cooling kilns is conveyed in underground tunnels to the drier 
or to the kilns, as the occasion requires, and the system works so effectively that, though 
hard to burn, the brick are burned all hardin 72 hrs. Each kiln is burned twice a month, 
or 18 kilns are burned in 28 d._ By this method the kilns are continuous in operation, 
and there is a decided saving in fuel and also in the time required to burn. J. W. H. 

77. Clean producer gas. R. M. CuHatrerton. Fuels & Furnaces, 1, 110-3 
(1923).—The advantages of clean producer gas are compared to those of raw producer 


gas, city gas, natural gas, water gas, fuel oil and electricity. D: ¥.. B.C. A.) 
| PATENT 
78. Muffle furnace. F. GEIGER. U. S. 


Hcl], 1,464,248, Aug. 7. In a muffle furnace, a muffle having in 
421} its roof hollow tiles forming a self-supporting arch and ar- 
it 4i]|' ranged to form a flue for products of combustion, said tiles 
=; | being of uniform thickness throughout their length and 


[ Re joined together end-to-end without overlapping portions. 


i 
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Geology 


79. Saskatchewan clays and new industries. A.W.G.Wimson. Nat. Resources 
of Can., 2, July (1923).—Saskatchewan possesses extensive deposits of important raw 
materials in her clays; suitable for the manufacture of good building brick, structural 
and agricultural tile and sewer pipe; her ball clays and stoneware clays for the manu- 
facture of pottery; and her refractory clays for fire brick. The University of Sas- 
katchewan, under the auspices of the Provincial Government, has established a ceramic 
dept., with W. G. Worcester in charge. W. has supplied bricks for endurance tests 
in a locomotive on the Can. Pac. R. R., to be examd. at the end of each run. If these 
bricks stand the test, they will displace millions of dollars worth of imported bricks; 
but definite prophecies are reserved until final results are known. ©. P. R. O. 

80. Manganese deposits, South Africa. ANon. Times Lid. & Eng. Supp., 12, 
426(1923).—Rich deposits of manganese have been found in the district of Johannesburg, 
these newly-discovered deposits assay approximately 90% manganese. Exploitation 
on a commercial scale has not been accomplished, but the deposits apparently lie over 
a fairly extensive area. O. P. R. O. 

81. Clays. R.H.CamBace. Chem. Eng. & Mining Rev., 15, 317(1923).—Clays 
of great variety are available in large quantity in New South Wales. O. P. R. O. 

82. Chemical and physical characters of bentonite. E. A. THOMPSON AND A. 
SADLER. Can. Rept. Mines, Summary Rept. 1921, No. 586, 73—7(1923).—This clay 
when freshly exposed varies from light yellow to light olive green, with waxy luster. 
It is very fine-grained and has a soapy feel when wet. It swells and forms a jelly-like 
mass in an excess of water. Six samples from Canada and 2 from Wyoming were 
analyzed and 8 analyses of U. S. samples are quoted (cf. C. A., 16, 887). The Canadian 
samples were generally higher in SiO, and lower in Al,O; than U.S. samples. Sp. gr., 
m. p., power of absorbing water and percentage of water remaining in the clay at temps. 
ranging from 450° to 700° were detd. There is no fixed relation between swelling prop- 
erties and the quantity of combined water present. Report of the ceramic division. 
JosepH KEELE. Ibid., 253-70; cf. Ceram. Abs., 2 [6], 1388(1923).—The work of this 
division consisted mainly of a study of the raw materials used in the ceramic industries. 
These include clays, shales, feldspar, quartz, limestone, talc, bauxite, magnesite, etc. 
The kiln scum which obscures the color of facing brick was studied and methods for 
its prevention were described. L. W. R. (C. A.) 


General 


83. Quarry blasting. E. J. Strock. Explosives Eng., 1, 144(1923).—How we 
drill, blast, and keep records, the Supt. of a large shale and limestone quarry (Colo- 
rado Portland Cement Co.) describes in detail a successful system of blasting, giving 
numerous cuts. P. 0. 

84. Our ceramic family. Hewitt Wiison. Clayworker, 79, 552-3(1923).— 
An interesting dissertation of the characteristics of the components of clay, that is 
SiO., Al,O;, CaO, MgO, Na2O and K,0. J. W. H. 

85. The essentials of meeting competition. Ross C. Purpy. Clayworker, 79, 
558-60(1923).—An address before the Neb. Brick and Tile Assocn., Lincoln, Neb. 
March 7, 1923. J. W. 

86. (French) Ceramic Congress of 1923. ANon. Rev. Mat. Constr. Trav. Pub., 
164, 99B-100B(1923).—‘‘Le Syndicat des fabricants de produits céramiques de France,” 
with a membership of 512, held its convention at Paris from May 14-18. The first 
day’s session was devoted to the study of forced (mechanical) draft as compared with 
natural draft in ceramic kilns. Among the other papers read were those on the im- 
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provements introduced in plate-making by Granger; the sagging of clays, kaolins, ceramic 
bodies and refractory mixts. at temps. of 1400°C by Larchevéque; the use of petro- 
graphic methods in ceramics in the study of the structure of clays and their trans- 
formations on heating, by Bertrand; and the colloidal plasticity of clays by Mr. Bigot. 
On May 16 Yeatman, president of the organization spoke on the work and purpose of 
the Society, emphasizing the three main events of the year, (1) the creation of a labora- 
tory for the Society, (2) creation of a technical service bureau conducted by an engineer 
who studies and puts into practice the best methods of firing, and (3) participation in 
future fairs and expositions, notably that of ‘‘l’Exposition des Arts décoratifs de 1925.” 
A business meeting followed. Later a banquet was held, at which Mr. Yeatman men- 
tioned among other topics the apprenticeship for ceramic students now in vogue at 
“La Manufacture Nationale de Sévres.” May 17 and 18 were spent in visiting ceramic 
plants. L. N. 
87. Silica. L. HEBER Coie. (1923.)—Silica in Canada: Its Occurrence; Exploi- 
tation; and Uses, issued by the Mines Branch, Dept. of Mines, Canada. O. P. R. O. 
88. Diatomaceous earth. L. HEBER Coe. (1923.)—Silica in Canada, Its Oc- 
currence, Exploitation and Uses, issued by Canada, Dept. of Mines, Mines Branch. 
Deposits of diatomaceous earth occur in the beds of numerous lakes and streams in 
both Nova Scotia and New Brunswick. This material is rarely found compacted and 
can readily be excavated by manual labor. It occurs in different degrees of purity, 
and is generally white or cream colored, and sometimes mixed with carbonaceous 
and arenaceous material in its more impure state. When impure its color may be 
yellowish or brownish. Nature and mode of occurrence of diatomaceous earths; de- 
scription of deposits and analysis of these earths are all included in Mr. Cole’s report; 
also uses. ©. 2. B. 0. 
89. Hardness and hardening. WALTER ROSENHAIN. Chem. Met. Eng., 28, 
899-901(1923).—A synopsis of a lecture given at various localities during a recent 
American tour. Parallel phenomena are found in many ‘alloy systems which help to 
explain why steel is hard. ¥. ©. B.C. A.) 
PATENT 
90. Acceleration of vulcanization and products obtained thereby. Sipney M. 
CapwWELL. U. S. 1,463,794, Aug. 7. A process for treating rubber or similar material 
which comprises combining with rubber a vulcanizing agent, a metal M, carbon di- 
sulphide and an amine having a replaceable ammoniacal hydrogen, the carbon disul- 
phide and amine being combined with the rubber as separate materials, with respect 
to one another, and vulcanizing the rubber. 
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The Wares of the Ming Dynasty. By R. L. Hopson. Published by Charles 
Scribner’s Sons, New York City, 1923. Price $25.00. 

This is a sequel to ‘The Early Ceramic Wares of China,” by A. L. Hetherington, 
a work previously reviewed in the pages of Ceramic Abstracts! (Book Reviews). In his 
preface the author states, ‘“The purpose of this book is to explain and illustrate as 
many varieties of Ming as possible. The text is based primarily on information ob- 
tained from Chinese sources and the occasional notes made by Europeans who visited 
China in the Ming period. To this must be added the deductions which can be made 
from the study of well-authenticated specimens, and, of course, the valuable work en- 
shrined in the books which are mentioned in the bibliography........ The bulk of the 


1 See Ceramic Abstracts, 2 [4], 86(1923). 
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illustrations is drawn from private collections, but reference is made throughout to 
important examples which can be seen in public museums.” 
This is an authoritative and scholarly work on what is from a decorative point 
of view without question the most prolific period in the history of ceramic development. 
To one not familiar with the various historical periods and their consequent in- 
fluence on the work of later ceramists, it is impossible to realize the tremendous in- 


fluence of the Ming potters. 


include 


Fic. 1.—Flower pot with incised designs and 
Chéng Té period. 


colored glazes. 
—J. Love Collection. 


H. 6'/, ins. 


Fic. 3.—Jar of buff 
stoneware with pale 
dlive-brown glaze: two 
dragons in relief disput- 
ing a pearl: inbricated 
pattern incised on 
ground. About 1600. 
H. 9 ins.—Franks Col- 
lection. (British Mu- 
seum.) 


Fic. 4.—Jar of red- 
dish pottery with green 
glaze: peony scroll in 
applied relief, colored 
yellow and brown. 
Found in the ruins of 
Ayuthia. Late Ming. 
H. ins.—British 
Museum. 


An estimate that does not consciously or unconsciously 
the recognition of the inspiration or influence back of any achievement 


is at best superficial in character. 

The Ming potters were by no 
means pioneers. For centuries pre- 
vious to the Ming Dynasty, the 
Chinese had produced glazed colors 
and textures which would be the 
despair of studio and commercial art 
potters if such wares had to be re- 
produced today. 


Fic. 2.—Vase (mei pi’ ng) with de- 
signs in cloisonné style and colored 
glazes. Waves, lotus plants and 
reeds: band of jewelled pendants. 
About 1500. H. 14!/2 ins.—Honble. 
Evan Charteris Collection. 
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Fic. 5.—Wide-mouthed jar with gray-green Fic. 6.—Potiche decorated in cloisonné style, 
celadon glaze. Eleven panels with animal and with colored glazes. Green ground. Garden 
plant design in molded relief. Fifteenth cen- Jandscape with peacock and peonies. H. 11'/2 
tury. H. 9'/, ins.—G. Benson Collection. ins.—G. Eumorfopoulos Collection. 


Fic. 7.—Potiche with decoration in cloisonné Fic. 8.—Flower pot. Hard buff 
style, with colored glazes. Dark blue ground. pottery with colored glazes: deep 
Taoist subjects—the three Star Gods playing aubergine brown ground and lotus de- 
checkers, the Eight Immortals, the twin Genii signs in green, yellow and peacock blue: 
of Mirth and Harmony and Hsi Wang Mu with blue inside. Late Ming. D. 7!/2 ins. 
attendants. H.15ins.—Anthony de Rothschild —Franks Collection. (British Mu- 


Collection. seum.) 
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This does not mean that the present-day ceramist lacks the ability to reproduce 
these types, but it does mean that he concentrates on the chemical formula and the glaze 


content without working to a definite texture 
and color quality. In fact, the technical 
specialist is rarely able to express himself in 
terms of texture and color. In this country 
our own Prof. Binns is possibly a single ex- 
ception. The museum group are experts in 
judging textures, and it is to this group, art 
critics.and such works as the one under dis- 
cussion that the technician must turn for 
guidance and inspiration. 

Toreturn to our subject, the author dis- 
cusses conditions previous to the Ming period 
and outlines in fascinating detail the technical 
methods employed by potters in various 
periods of the dynasty. 

The book is splendidly illustrated, and 
altogether it is a work that will be a source 
of inspiration to the technical man and a most 
valuable addition to the factory library. 

The manufacturer who will buy such 
books as this instead of spending larger sums 
in purchasing competitors’ samples will 
quickly bring about a great appreciation of 
quality among his productive and creative 
force. This greater knowledge would cer- 
tainly be reflected in future work and would 
react in favor of a larger business in art 
wares. 

We reproduce some illustrations selected 
at random from the book. 

Another book, ‘“‘Animals in Chinese 
Art,” is announced. We hope to give some 
particulars at a later date. 
cotta men. 


Fic. 9.—Bottle- 


shaped vase: of 
light buff stone- 
ware with prunus 
design in low re- 
lief: bamboo- 
shaped neck. Col- 
ored glazes—au- 
bergine on the 
neck, turquoise on 
the body and white 
and aubergine in 
the reliefs. Six- 
teenth Century. 
H. 10'/2 ins.—G. 
Eumorfopoulos 
Collection. 


Die Keramik im Dienste von Industrie und Volkswirtscheaft. 
By Dr. FELIX SINGER, assisted by 90 


Service of Industry and National Economy.) 
collaborators. 
illustrations. 


Friedr. Vieweg und Sohn, Brunswick, Germany, 1923. 


Fic. 10.—Bot- 
tle-shaped vase: 
buff 
with 
glazes—green 
ground and raised 
lotus designs in 
turquoise, auber- 
gine, amber- 
yellow and white. 
Late Ming. H. 
14'/, ins —H. J. 
Oppenheim Col- 
lection. 


stoneware 
col ored 


This should be a valuable work for the faience and terra 


PF. &. 
(Ceramics in the 


1044 pp., 901 


This large volume is the direct result of a suggestion from the industry and is in- 


tended to mark the 50th anniversary of the German Clay and Stoneware Works Com- 
pany of Charlottenburg, certainly a unique and commendable enterprise for such a pur 
pose. The list of collaborators includes some of the best known names of German special 
ists. The contents of the book deal with the general principles of ceramics, 238 pages, 
ceramic manufacture, 146 pages, the properties of ceramic products, 62 pages, and the 
uses of ceramic products, 539 pages. The larger part of the book is hence given to the 
subject of the products. 

The part relating to the principles of ceramics is necessarily restricted to the most 
outstanding facts but these are presented very well, considering that the sections are 


E 
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contributed by different authors and a certain lack of unity is unavoidable. Perhaps 
the treatment of this section has been too sketchy, as for instance in the discussion of 
drying. The discussion of glazes is still based on Seger’s work and might have been re- 
vised. 

The ceramic manufacturing processes are described very well if the great scope is 
considered which includes quartz glass, silica brick, magnesite refractories, stoneware, 
earthenware, porcelain, etc. Steatite products are for some reason emphasized out 
of proportion. 

We find the third section of the book which deals with the properties of the ceramic 
products to be of special interest since it gives an excellent summary not only of the 
methods of determining the physical properties of porosity, density, mechanical strength, 
thermal and electrical properties but also a compilation of physical constants for different 
types of bodies. 

The chapters dealing with the uses of ceramic products emphasize refractories, 
chemical stoneware and electrical porcelain. A large number of specific uses are illus- 
trated and offer much of interest to the metallurgist and chemist, the sanitary engineer 
and furnace specialist. The presentation of the subject of chemical stoneware is the 
best the reviewer has seen. The text is not only descriptive but is interspersed with the 
results of tests relating to the properties of materials and the efficiency of apparatus. 
Special uses, such as rolls made from ceramic material for grinding and the shaping of 
plastic substances, ceramic catalyzers, illuminating accessories, electro-chemical con- 
tainers and diaphragms, and even ceramic money are discussed. 

The book concludes with a very complete treatment of electrical porcelain from all 
angles. This is about the only chapter in which references to the literature are made 
with any degree of consistency, for the lack of which the book might be criticized, but 
that is apparently owing to the dearth of foreign literature available in Germany due to 
the war. The principles of insulation, the type of insulators, their testing and their 
failures, and finally the specifications for electrical porcelain are discussed quite fully. 
This chapter should be of considerable value to the maker and the user of electrical 
porcelain. 

Throughout the book there is evident a consistent endeavor to introduce exact 
physical constants and definitions in place of the descriptive and inexact terminology 
now common in the ceramic literature. The printing and the illustrating are well done. 
It is safe to say that this book is by far the best published on the subject. 

A. V. BLEININGER 
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NOTE ON BLISTERING 


Of Sanitary and Electrical Porcelain 


Recent investigations have shown that the blistering of 
vitreous white wares has invariably been due directly or in- 


directly to OVERFIRE or SOLUBLE SALTS. 
OVERFIRE It is a difficult problem to produce a 


practical vitreous white ware body with a long vitrification 
range, or to always control the kiln temperatures, and blistering 
occurs if temperatures go beyond the maturing point of the 
body. 


Ball clays are more apt to be the direct cause of blister- 
ing than all other body ingredients, due to the fact that most 
ball clays vitrify at cone 8 to 9, and when fired to cone 10 to 12 
show a marked tendency to blister. 


These troubles can be greatly decreased by the use of 
‘‘Hercules” Ball Clay, which does not overfire or blister even 
when fired to cone 18. 


SOLUBLE SALTS It is a well known fact that sul- 
phates, (constituents of all ball clays) which come to the surface 
of the ware in drying, are very hard to decompose, and often 
os blistering if not completely driven off before the body 
vitrihes. 


Another source of soluble salts is the sodium salts used 
in casting. If ball clays are used, requiring large amounts of 
electrolytes to produce a good casting slip, they will come to 
the surface in sufficient quantity during the drying process to 
cause blistering. 


‘“THERCULES” BALL Clay contains a very small per- 
centage of soluble salts, but contains tannic acid which makes 
possible a good casting slip with from 50% to 75% less chemi- 
cals than with any other ball clay. 


Thorough tests of ‘‘Hercules” Ball Clay will prove the 
above statements. Let us send you testing samples. 


R. T. VANDERBILT CO. 
50 East 42nd Street New York, N. Y. 
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EDITORIAL 
OPERATIVES INSTITUTE OF REFRACTORIES MANUFACTURERS 


In the Bulletin section of this issue of the Journal is an account of an In- 
stitute organized for and by plant operators under the general sponsorship 
and guidance of the Refractories Manufacturers Association. Particular 
attention is drawn to this for in the first place it is an educational enter- 
prise the like of which every trade association should sponser. In the 
second place the AMERICAN CERAMIC SOCIETY would be remiss in its ob- 
ligations if it did not give encouragement and assistance in the estab- 
lishing and maintaining of every workable scheme of extending educational 
opportunities to plant operators. 

Extension work by Universities among farmers and housewives has been 
developed during the past two decades with large benefits accruing. It is 
not for social purposes, but because of an earnest desire to learn of the most 
profitable ways and means on the farm and in the home that institute 
meetings are held in the rural districts in every State in the Union. This 
bringing to the land and home toilers the fundamentals as developed in 
the laboratories and taught in the Universities reacts beneficially on the 
educational and research institutions, for it focuses attention onto the most 
urgent problems. 
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Progress can be had only through production of things that are neces- 
sary to comfortable and profitable living with less human.effort and finan- 
cial expense. The farmer is forced to this as is the housewife. The 
operators in ceramic plants have the same need. They may not realize it. 
They may think the need of and benefits from all these educational enter- 
prises are for the employers’ profit alone, without realizing that progress 
in manufacturing is possible only through improvement in the manner of 
doing factory work and that the plant which progresses most furnishes 
the most profitable and pleasant opportunities for employment. The 
keystone to industrial progress, profit and pleasure rests with the operators 
and when the operators are being served and are serving according to the 
best information extant all coéperating parties are benefited. 

The example set by the Refractories Manufacturers’ Association is recom- 
mended to all ceramic trade associations for careful consideration, for the 
conducting operator institutes will bring returns far in excess of their cost. 

To the Ceramic Departments of Universities these institutes are com- 
mended as exceptional opportunities for extending their influence beyond 
the lecture halls and laboratories. No more fruitful opportunity for 
coéperation in educational enterprise has been devised than is to be found 
in Operators Institutes sponsored by Trade Associations. 


PAPERS AND DISCUSSIONS 


NOTE ON “THE MEANING AND MICROSCOPIC MEASUREMENT 
OF AVERAGE PARTICLE SIZE”! 


By E. P. W1icHTMAN? 


Recently Perrott and Kinney have contributed an interesting article 
under the above title to the Journal of the American Ceramic Society. 
They state, very truly, that “the term ‘average particle size’ is capable of 
various mathematical interpretations many of which have little practical 
significance. The usual statistical method...considers only numbers 
of particles of a given size in determining the average diameter... . In prac- 
tice it is difficult to dissociate a particle from its surface or volume.’ ‘These 
authors take as the basis of measurement of particle size the “average 
diameter,’’ and suggest that this be obtained, for ceramic materials, fillers, 


“ete., from the formula 


y,d 


100 


av 


where y, is the per cent of total surface represented by particles of diameter, 
d, and m is the relative number of particles of the same diameter. For 
coal or ore analysis they suggest the formula 


100 


where y, is the per cent of total volume of particles of diameter, d. 

It seems to the writer that if one is to have a value which is of practical 
significance one should not choose always the average diameter, but 
average area, volume, or particularly in some case as a more accurately 
determinable value, the average projective area of the particles per unit 
of material. 

In the above-mentioned materials this unit would be most likely the 
gram, but in photographic materials, for example, and perhaps even in 
the case of paints, it would be unit area of the plate surface, or surface to 
be covered. In the case of photographic materials where “average pro- 
jective area” is used there is no uncertain third dimension, thickness, and 
the value is obtained practically from the relation 

Ve 
where ¥, is the number of particles of each size (projective area), a, per 
unit (volume, area, mass, etc.) of the material, or of the surface on which 


1 Jour. Amer. Ceram. Soc., 6 [2], 415 (1923). 
2 Received July 24, 1923. 
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it is coated. Rigidly of course this value should be obtained by integra- 
tion, but where the class limits are not too large the error is negligible. 

The writer, S. E. Sheppard and A. P. H. Trivelli,! have described a 
simple method of obtaining the size-frequency and size-area distribution 
of particles of a disperse material which they believe is less subject to error 
than that of either H. Green,’ or of Perrot and Kinney.* Briefly, the 
disperse material is mounted on a microscopic slide by any suitable method, 
such that the ratio of amount of material per unit area of slide to the orig- 
inal unit is known. The grains are photomicrographed at a magnifica- 
tion commensurate with the sizes of the grains to be measured and the 
photomicrographs are further enlarged on a contrast paper, and the grains 
are then measured on the basis of a uniform projective-area scale by means 
of a rule calibrated in the limiting diameters corresponding to such uniform 
area classes, and the class sizes are read off directly. The average of the 
longest and shortest dimension, except where the grains are very irregular, 
gives a close approximation of the true mean class size. ‘The very irreg- 
ular grains can be measured either by a planimeter or by means of trans- 
parent cross-ruled paper. Wider or narrower class limits may be taken 
depending upon the accuracy desired. The writer in most of his work 
uses 0.2u* as the class unit, but this is far too narrow for certain kinds of 
work. 

In the case of ceramic materials a special rule could be made at a very 
small cost to read class-size directly in uniform volume increments, by 
having it calibrated in diameters corresponding to the class limits in volume 
assuming, of course, the volumes to be cubes or spheres. If the grains to 
be measured are thicker or thinner than this, a correction factor could be 
applied. 

The same principle applies also to the case of any other material where 
volume or mass is more important than projective area. 


RESEARCH LABORATORY 
EASTMAN KopakK COMPANY 
ROCHESTER, N. Y. 


DISCUSSION ON “NOTES ON THE DETERMINATION OF 
TRANSLUCENCY OF BODIES”: 


Mr. Watrts:—I should like to ask Mr. Parmelee whether they find it 
is possible to express the different values for different thicknesses in such 
a way that it can all be reduced to terms of unit thickness. 

1 Jour. Phys. Chem., 27, 1 (1923). 
2 Jour. Franklin Inst., 192, 638 (1921). 


3 Loc. cat. 
4C. W. Parmelee and R. FE. Lowrance, Jour. Amer. Ceram. Soc., 6 [5], 630 (1923). 
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Mr. PARMELEE:—That is our experience which is in accordance with 
Steger’s recent report and also with Ashley’s report. 

Mr. WatTrs:—You are simply indicating the point on the test piece 
at which you make the test and then break it and measure it with a mi- 
crometer? 

Mr. PARMELEE:—We took the thicknesses at five different points, 
compared with a micrometer and calculated the average value for the 
thickness. We could have broken the pieces of course, but we did not 
do it. 

Mr. WatTts:—Were all these trial pieces jiggered? 

Mr. PARMELEE:—No. ‘They were all cast. 

Mr. Watts:—We already know that where the clay content differs 
you get a different density in the cast piece. Now, were you able to tie 


‘up in any way the apparent difference in density or have you any compara- 


tive data whereby we would be able to correct, if correction was neces- 
sary, for the difference in density? A correction was made for the specific 
gravity of the different slips, but I wondered if there was any evidence 
to show that difference in density of the cast body would really be a 
factor. 

We have found so much of our data are apparently all right until some- 
body discovers that, “The difference in your ball clay content will 
give you different density and, therefore, your values are all off.” I 
wondered whether these test pieces, as observed by you, are sufficiently 
uniform so that factor could be ignored. It seems to me we can ignore 
some of these points in making such determinations but if we are going 
to have a proposition which is absolutely precise and exact, it seems to 
me those things are of interest. 

Mr. PARMELEE:—The relative densities of the clays used and their in- 
fluences upon the finished product were not considered in this experiment. 
Mr. Watrs:—They were all prepared under the same conditions? 

Mr. PARMELEE:—Yes. 

Mr. SPURRIER:—Are these glazed? 

Mr. PARMELEE:—No. 

MR. SPURRIER:—Does the character of the surface influence the amount 
of light passing through? Suppose you have a very smooth polish. A 
good many years ago it was thought that surface radiations were dis- 
embodied. Pieces were covered with a certain varnish and results were 
very, very close in all cases, although there were no differences in surface, 
but it turned out that they really were determined by the covering of 
varnish. 

Mr. PARMELEE:—There is no doubt about the effect. The amount of 
the light transmitted depends on the character of the surface. We under- 
took to prepare the pieces as uniformly as possible. 
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ACTIVITIES OF THE SOCIETY 
THE PRESIDENT’S PAGE 


I wonder if the members realize to what extent the accomplishments, in fact the 
entire success of the Socrery depends on the activities of its Committees. This year, 
much like other years, the first six months have gone by with very little committee 
activity beyond sustaining interest in the projects already under way and as a result 
very little of new has been accomplished. 

A few committees notably the Membership and Summer Meeting Committees 
and the Committee on Program and Papers have been busy and deserve the thanks of 
the officers and members. 

Letters have been addressed to the Chairmen and members of the various committees 
outlining activities which during the next few months and years will lead to large ac- 
complishments. After all it is accomplishment that is wanted; the activities are only 
means to accomplishments. The Chairmen must carry the responsibilities and it is 
to them that I appeal to use the next few months in such a way that the year will rank 
well above the average in things accomplished. 


With the summer over the various Sections will again become active. The experi- 
ment tried by several Sections in the past year of holding joint meetings with other 
technical societies has been very successful and will be continued and extended. 


The Membership Campaign is progressing steadily, but we need more workers. The 
SocrEty has eighteen hundred personal members. If each one of those will ask, merely 
ask, one man to join within the next thirty days we shall have many new members. 
Try it, you who are interested enough in the Society to read the President’s page. 

It is not, primarily, that the Society shall have greater financial resources that new 
members are sought. It is that with more serving and being served the SocrEty will 
have larger opportunities and its accomplishments made more effective. 


NEW MEMBERS RECEIVED FROM AUG. 16 TO SEPT. 15 


PERSONAL 
Duncan M. Dayton, 190 Riverside Drive, New York, N. Y. (Vice President, N. Y. 
Vitreous Enamel Products Corp.) 
J. C. DeKort, 26 Vermont St., Wheeling, W. Va. (Ceramic Printer, Warwick 
China Co.) 
Charles E. Foose, c/o Wheeling Tile Co., Wheeling, W. Va. 
Harry S. Haze, 404 S. Wells St., Chicago, Ill. (Merchandise Broker.) 
Kenneth D. Joseph, 6370 Burchfield Ave., Squirrel Hill, Pittsburgh, Pa. (Sup’t. 
of Sales, The O. Hommel Co.) 
Erwin F. Lowry, Armstrong Cork Co., Lancaster, Pa. (Research Physicist.) 
Joseph Lynch, 142 N. High St., Mount Vernon, N. Y. (Foreman Enamel Dep't. 
Ward Leonard Electric Company.) 
_ Max Meth, Blackstone Bldg., Room 512, Pittsburgh, Pa. (Chemist.) 
G. Verner Nightingale, 316 Bulletin Bldg., Philadelphia, Pa. (Sales Engineer, 
The Celite Products Co.) 
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John W. Patterson, Western Sheet Glass Co., Torrance, Calif. (Chief Engineer.) 

L. E. Riddle, Jr., 67 Spring St., Metuchen, N. J. (Sales Manager, The Edgar 
Plastic Kaolin Co., and Edgar Bros. Co.) 

John V. Rock, 366 W. Main St., Newark, Ohio. 

Y. Sakamoto, c/o Research Laboratory, Asahi Glass Co., Kikuicho, Ushgome, 
Tokyo, Japan. (Chemist.) 

Cyril C. A. Schwerha, P. O. Box 77, 5th & Monongahela Ave., Glassport, Pa. 
(Draftsman, Macbeth-Evans Glass Co.) 

Arthur R. Stanbra, 26 Vermont St., Wheeling, W. Va. (Designer, Warwick China 
Co.) 

John M. Tuthill, Philadelphia Porcelain Co., Woodlynne, Camden, N. J. (Vice- 
President and Secretary. ) 

John T. Wells, National Art Pottery Co., Coshocton, Ohio. (Secretary.) 


CORPORATION 
The DeVilbiss Mfg. Co., Toledo, Ohio. Frank A. Bailey. (Superintendent). 
Penn Tile Works Co., Inc., Aspers, Pa. D.C. Asper. (President.) 
Roberts and Mander Stove Co., Hatboro, Pa. Kenneth C. Farnsworth. (Gen’l 
Sup’t.) 
Active assistants to the Membership Committee are named in the following columns. 


Name Personal Name Personal Corporation 
J. C. De Kort 1 Frederick H. Rhead ] 

T. Raymond Edgar 1 Joseph P. Rodgers ] 
Charles A. Facer 1 Charles L. Stamm ] 

Mabel C. Farren 1 Roy E. Swain 1 

Frederick G. Jackson 1 R. A. Weaver ] 

Harry F, Kahn W. W. Wilkins ] 


R. D. Landrum 1 A. S. Zopfi 1 
Carl F. Miller | Office 3 l 
M. Namba 1 —- - 

17 3 

Less 3 0 

Net gain 14 “RF 3 


1923 NET MEMBERSHIP RECORDS 


Personal Corporation 
January 12 1611 216 
March 14 1710 223 
April 14 1738 226 
May 14 1775 233 
June 14 1792 
July 14 1808 ag 
August 14 1833 249 2000 
September 14 1847 252 
Net Gain (1923) 236 36 


Same Period (1922) 251 60 


fi 
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WHO’S WHERE IN THE AMERICAN CERAMIC SOCIETY 


Erling E. Ayars, Chairman of the Refractories Division of this SocrETy, is now living 
at 317 N. Eastern Ave., Joliet, Ill. 

C. J. Crawford gives 2615 Singer Building, New York City as his business address. 
Mr. Crawford’s home is still in St. Louis. 

Charles A. Facer, formerly of Steubenville, Ohio, is now living at Wheeling, W. Va. 

J. William Gayner, formerly of the Gayner Glass Works of Salem, N. J., is connected 
with the Lynchburg Glass Corporation at Lynchburg, Va. 

Herbert Goodwin, recently of the Crescent China Company, Alliance, Ohio, has 
moved to Niles, Ohio, where he is working for the Atlas China Company. 

John S. Halbert, Sales Engineer for the Hardinge Company, has moved to 7409 
N. Ashland Blvd., Chicago, Il. 

Ives L. Harvey is President of the New Hope Brick Company at New Hope, Pa. 

Mokiji Ichiji, who was reported in the list of ‘‘unknowns”’ in the September Bulletin, 
writes from Berlin that his future address will be c/o Nishikawa, 96 Eirakcho | chome, 
Keijo, Chosen, Japan. 

Shigeba Kanashima, another Japanese member writes that his new address is 
Kamisakebe, Mitsugun, Okayama-ken, Japan. 

Homer Knowles, who organized the Homer Knowles Pottery Company, is living at 
747 Coe Ave., San Jose, Cal. 

J. A. Martz has moved to New Brunswick, N. J., where he is teaching in the De- 
partment of Ceramics at Rutgers College. 

D. M. McCann has left the Sterling Grinding Wheel Company of Tiffin, Ohio and 
is connected with the Michigan Porcelain Tile Works cf Ionia, Mich. 

Edward Milliken has moved from Columbus, Ohio to 1009 N. Water St., Uhrichs- 
ville, Ohio. 

O. S. Mundy, formerly of Urbana, II1., is now living at 316 Jackson St., Huntingburg, 
Ind. 

S. O. Neiswanger gives Harvey, Iowa as his new address. 

Elmer H. Ockerman of the Los Angeles Pressed Brick Company is living at 3731 
S. Main St., Los Angeles, Calif. 

R. S. Olsen of Champaign, Ill. has moved to Fox Lake, III. 

T. Wilfred Owen has accepted a position as Ceramic Engineer with the Queen’s 
Run Refractories Co., Inc., Lock Haven, Pa. 

Amos Potts, Secretary of the Heavy Clay Products Division of the SocrEeTy has 
moved from Columbus, Ohio to 118 E. Blaine St., Brazil, Ind. 

W. H. Powell gives 350 Madison Ave., New York City as his new address. 

A. Nugent Ragland, who was reported in the list of addresses unknown in the 
September Bulletin, is located with the Perth Amboy Tile Company, Perth Amboy, N. J. 

Gregory L. Rogers is living at 7176 Hawthorn Ave., Hollywood, Calif. 

Robert F. Sherwood has moved from Syracuse, N. Y. to Solvay, N. Y. where he 
is Ceramic Engineer with Pass and Seymour, Inc. 

Charles A. Smith, B.S., graduate in ceramics of Ohio State University, June, 1923, 
has entered Lehigh University at Bethlehem, Pa., where he will continue his studies, 
doing post graduate work in metallurgy. 

Paul Teetor has moved from McKinley Ave., to 911 Edgewood Ave., Trenton, N. J. 

Thomas C. Walker, Jr., formerly of Columbus, Ohio, is now with the Los Angeles 
Pressed Brick Company, Los Angeles, Calif. 

S. D. Yang is taking special work in cement making at the University of Michigan, 
Ann Arbor, Mich. 


8 
if 
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D. C. Wysor whose local address is Owensville, Mo., gives 40 Rector St., c/o General 
Chemical Company, New York City as his permanent address. 

M. K. Zimmerman writes that he has moved from East Liverpool, Ohio to 1609 
Ridge Ave., Steubenville, Ohio. 


SYMPATHY AND GREETINGS TO JAPAN 


The following note of sympathy from President Greaves-Walker has been mailed 
to each Japanese member of the AMERICAN CERAMIC SOCIETY. 
‘‘Mere words and figures will not bring to America a full realization of the 
awful calamity that has befallen the Japanese people. This is on account of 
the great distance we are away. 
We wish you to know of the sympathy which is felt by all of us. We 
shall await with no little concern a report fully of your safety.”’ 


REPORT OF THE FALL MEETING 


Another successful occasion is now a matter of record, that of the Fall Meeting of 
the AMERICAN CERAMIC SocrETy. Many said that the following program was one of 
the most informing and inspiring they had ever heard. While the a la carte dinner was 
marred by the fact that adequate provision was made for only sixty of the eighty-six 
whe attended yet this was a satisfactory meeting together of the members and their 
friends. The record of the Fall Meeting in New York City, September 19, 1923, in 
connection with the National Exposition of Chemical Industries is one of which the So- 


CIETY is justly proud. 
The Program 


A. PROMOTING FUEL ECONOMY IN KILN MANAGEMENT 
(1) Report of Results in Coéperative Investigations by Refractories Manufac- 
turers’ Association and U. S. Bureau of Mines. 
By Frederick W. Donahoe, Secretary, Ref. Mfg. Assn. 
(2) Possible Economies in Kiln Firings. 
By George A. Bole, U. S. Bureau of Mines 


B. INDUSTRIAL ART 
(1) The Industrial Art Movement, Its Possibilities in Ceramic Industries. 
By Richard F. Bach, Curator Industrial Arts, Metropolitan Museum. 
(2) Method of Color Measurement, An Industrial Need. 
By A. E. O. Munsell, Munsell Color Co 
(3) A Scientific Color Analysis. 
By H. S. Busby. 
C. FEDERAL COOPERATIVE MOVEMENTS 
(1) Investigations by and Purposes of the Federal Specifications Board in 
Reference to Ceramic Products. 
By R. F. Geller, U. S. Bureau of Standards. 
(2) The American Construction Council, Its Aims and Methods. 
By D. Knickerbocker Boyd, Vice-President. 


| 
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D. REFRACTORIES 


(1) The Properties of Some Commercial Refractories. 
By R. M. Howe, Kier Fire Brick Co. 
(2) The Manufacture of Refractories. 
By W. F. Rochow, Harbison-Walker Refractories Co. 


The Attendance 


Allan, Reginald, Newark, N. J. 

Allen, F. B., Woodbridge, N. J. 
Applegate, D. H., New York, N. Y. 
Armstrong, C. H., East Liverpool, Ohio 
Baldwin, H. C. 

Barth, Victor, Great Barrington, Mass. 
Barlow, R. S., New York, N. Y. 
Bernier, A., Montreal, Que. 

Bernhard, E. J., New York, N. Y. 
Bloomfield, Chas. A., Metuchen, N. J. 


Bloomfield, Howard W., Metuchen, N. J. 


Bole, Geo. A., Columbus, Ohio. 
Booze, M. C., Pittsburgh, Pa. 
Brenner, R. F., Parkersburg, W. Va. 
Brown, Leslie, Trenton, N. J. 
Brown, H. E., Palmerton, N. J. 
Brown, G. H., New Brunswick, N. J. 
Bruswaiger, H. P., New York, N. Y. 
Burroughs, F. H., Trenton, N. J. 
Busby, H. S., New York, N. Y. 
Butler, W. W., Cleveland, Ohio. 
Byers, L. L., Philadelphia, Pa. 
Campbell, A. R., Metuchen, N. J. 
Carter, J. D., Philadelphia, Pa. 
Carrier, A. D., Mechanicsville, N. Y. 
Caven, F. M., New York, N. Y. 
Chaffin, E. G., Worcester, Mass. 
Clare, R. L., Perth Amboy, N. J. 
Clark, W. M., Cleveland, Ohio. 
Clarke, J. H., Wilmington, Mass. 
Crane, C. W., Elizabeth, N. J. 
Crawford, C. J., St. Louis, Mo. 
Crofoot, A. B., Plainfield, N. J. 
Cushman, H. D., Cleveland, Ohio. 
Daley, J. F., Astoria, N. Y. 

Dierauf, E., Hackensack, N. J. 
Dinsmore, F. W., Trenton, N. J. 
Dorsey, F. M., Cleveland, Ohio. 


Dougherty, L. A., Long Island City, N. Y. 


Easter, G. J., Niagara Falls, N. Y. 
Edgar, D. R., Metuchen, N. J. 
Edgar, I. R., Metuchen, N. J. 
Egan, F. W., New York, N. Y. 
Eldridge, C. H., Metuchen, N. J. 


Finn, A. N., Washington, D. C. 
Forse, E. B., Perth Amboy, N. J. 
Franzheim, C. M., Wheeling, W. Va. 
Geiger, Chas. F., Perth Amboy, N. J. 
Geller, R. F., Washington, D. C. 
Gesner, M. A., New York, N. Y. 
Geyer, L. E., Columbus, Ohio. 
Gibson, D. B., Chicago, IIl. 

Gibson, Thos. W., Toronto, Ont. 
Goetschins, H. B., Roscoe, N. Y. 
Goheen, J. P., Philadelphia, Pa. 
Greenwood, W. W., Worcester, Mass. 
Gregory, M. C., Corning, N. Y. 
Hagar, Donald, Matawan, N. J. 
Hagar, I. D., New York, N. Y. 
Handy, Jas. O., Pittsburgh, Pa. 
Hanna, R. E., Perth Amboy, N. J. 
Harrison, H. C., Columbus, Ohio. 


Hassinger, C. C., Plymouth Meeting, Pa. 


Hastings, F. H., Hartford, Conn. 
Henry, A. V., Columbus, Ohio. 
Hill, E. C., Philadelphia, Pa. 

Hill, C. W., Perth Amboy, N. J. 
Horning, Roy A., Lancaster, Pa. 
Hostetter, J. C., Corning, N. Y. 
Hottinger, A. F., Chicago, IIl. 
Howat, W. T., Perth Amboy, N. J. 
Howe, R. M., Pittsburgh, Pa. 
Hunting, E. C., Alfred, N. Y. 
Husch, W. C., Chicago, IIl. 
Ingram, Charles, New York, N. Y. 
Jones, Chester H., Chicago, IIl. 
Keller, G. W., Philadelphia, Pa. 
Kester, W. B., Spruce Pine, N. C. 
Kingsbury, P. C., Keasby, N. J. 
Klein, A. A., Worcester, Mass. 
Krak, J. B., New York, N. Y. 
Ladoo, R. B., Cleveland, Tenn. 
Landrum, R. D., Cleveland, Ohio. 
Larson, E., New York, N. Y. 
Logan, L., Pittsburgh, Pa. 

Low, Thos. M., Cleveland, Ohio. 
McCaughey, W. J., Columbus, Ohio. 
McFarland, L. W., New York, N. Y. 
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McKeown, T. H., New York, N. Y. 
McNeill, W. K., Toronto, Ont. 
Mahnken, H. J., Elizabeth, N. J. 
Mallory, J. M., Savannah, Ga. 
Malsch, W., New York, N. Y. 
Martz, J. A., New Brunswick, N. J. 
Mathiasen, Alfred, Matawan; N. J. 
Mathiasen, O. E., Perth Amboy, N. J. 
Minton, R. H., Metuchen, N. J. 
Moore, Jos. K., New York, N. Y. 
Muessig, C. N., New York, N. Y. 
Munn, James, Cleveland, Ohio. 
Munsell, A. E., Baltimore, Md. 
Navias, Louis, Washington, D. C. 
Newcomb, R. N. 

Nightingale, G. V., Philadelphia, Pa. 
O’Brien, T. H., Providence, R. I. 
Ogden, E. P., Philadelphia, Pa. 
Patch, Clifford, Bangor, Maine. 
Penfield, L. W., Willoughby, Ohio. 
Pettit, Ralph E., Chicago, II. 
Pigott, H. W., Philadelphia, Pa. 
Pratt, J. H., Chapel Hill, N. C. 


Purdy, Ross, C., Gen. Secy. Amer. Ceram. 


Soc. 
Putnam, L. E., New York, N. Y. 
Ragland, N. A., Perth Amboy, N. J. 
Rhead, F. H., Zanesville, Ohio. 
Rhead, Lois W., Zanesville, Ohio. 
Richardson, P. B., Boston, Mass. 
Riddle, L. E., Jr., Metuchen, N. J. 
Robinson, C. J., Canandaigua, N. Y. 
Rochow, W. F., Pittsburgh, Pa. 
Rose, R. P., New York, N. Y. 
Runge, F. W., Rochester, N. Y. 
Saxe, Chas. W., Worcester, Mass. 
Schmolze, P. E., New York, N. Y. 
Scott, W. J., Washington, D. C. 
Seasholtz, J. M., Reading, Pa. 


Shaw, J. B., Alfred, N. Y. 

Shaw, L. I., Washington, D. C. 
Shearer, W. L., Washington, D. C. 
Shegog, T. A., Sebring, Ohio. 
Sheppard, Mark, Norristown, Pa. 
Simcoe, Geo., Metuchen, N. J. 
Slack, Robt. M., New York, N. Y. 
Smith, C. A., Bethlehem, Pa. 

Smith, P. A., New Brighton, Pa. 
Smith, R. G., Chicago, IIl. 

Smith, Norman G., Brunswick, Me. 
Solomon, M., New Haven, Conn. 
Sortwell, H. H., Trenton, N. J. 
Sperr, F. W., Jr., Pittsburgh, Pa. 
Sproat, Ira A., New York, N. Y. 
Staley, H. F., New York, N. Y. 
Stamm, C. L., Mount Vernon, N. Y. 
Staudt, August, Perth Amboy, N. J. 
Stanger, Frederick, Philadelphia, Pa. 
Steinhoff, F., Chicago, IIl. 

Stephani, W. J., Crum Lynne, Pa. 
Stephenson, H. H., Montreal, Can. 
Stephenson, L. L., Birmingham, Ala. 
Stone, C. H., Jr., Rome, Ga. 

Stull, R. T., Savannah, Ga. 

Swan, S. D., New York, N. Y. 
Tailby, R. V., Matawan, N. J 
Tucker, G. M., Long Island City, N. Y. 
Turner, Eric W., Trenton, N. J. 
Underwood, C. A., Boston, Mass. 
Watkins, Joel H., Charlotte, C. H., Va. 
Weber, K. B., Astoria, L. I. 

Weigel, W. M., Washington, D. C. 
Whitaker, F. A., Keasby, N. J. 
White, A. T., Dover, N. J. 

Wikoff, A. G., New York, N. ‘Y. 
Will, Otto W., Metuchen, N. J. 
Williams, J. L., Metuchen, N. J. 
Young, G. A., Bloomfield, N. J. 


NOTES AND NEWS 
THE REFRACTORIES OPERATIVE INSTITUTE 


By W. DonaHoE! 

Some six years ago, in an annual meeting of The Refractories Manufacturers 
Association, Mr. Richard D. Hatton, of St. Louis, then president of the Association, 
urged the adoption of a functionalized group plan, whereby the best practice existing 
in the manufacture, administration and accounting methods and in the sale of refractories 
would be established through the development of so-called institutes, in which those 
directly in charge of the various departments would be the active members and officers. 

1 Secretary, The Refractories Manufacturers Association. 


| 
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The seed thus sown took root, but no signs of growth were apparent for about 
three years. In 1920, the Association voted to establish an Institute in which the men 
and women employed in the accounting departments of the members of the Association 
could be brought together, given an appropriation and left, as it were, to demonstrate 
the wisdom of a semi-independent organization. The success of the Refractories 
Accountants Institute led to the next step, which was taken during the latter part of 
1922, when a committee was appointed to organize a Refractories Operatives Institute 
in which key-men, actively engaged in the various processes of manufacture at the 
plants of the members of the Association, would be brought together and led to the 
discussion of problems common to them all. 

At the outset it was thought that the Refractories Operatives Institute should be 
national in scope and include operating men from coast to coast. The organization 


Kentucky-Southern Ohio District Refractories Manufacturers 
Association, Operators Institute Meeting, Hayward, Ky., 
Aug. 17, 1923. 


committee, however, decided that this would limit the number of meetings to one (or 
perhaps two) a year and as a consequence a policy was adopted which opened the way 
for the establishment of branches in every clay fire brick producing district in the 
country. When these branches are all functioning, the project of a national meeting 
will be given due consideration. 

The first branch was started in the Southern Ohio-Kentucky field at a meeting held 
at Ironton, Ohio, on January 23, 1923. Shortly after that, a branch was started in 
Pennsylvania, a meeting being held at Pittsburgh on February 14. A third branch 
got off to a flying start on August 23, at New York, those in attendance being operating 
men employed by refractories manufacturers owning plants in New York, New Jersey 
and New England. 


Southern Ohio-Kentucky Branch 


Thirty-one operating men connected with fifteen companies owning plants in the 
Southern Ohio-Kentucky field constitute the membership. They have held seven 
meetings and plan to hold one each month from now on. The average attendance so far, 
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has been twenty-one. Papers have been read and discussions had on the following 
subjects: 

Modern Methods of Insulating Periodic Kilns 

Machine Made Fire Brick with Special Reference to Steam Lubrication 

Drying—on Hot Floors, in Tunnel Dryers and in Kilns 

Setting Kilns—with Special Reference to Differentiation between Hand Made 

and Machine Made Brick 

Heat Losses in the Burning of Clay Fire Brick 

Suggestions on the Fine Points of Molding 

The Disposition of Water Smoke in the Initial Stages of Burning 

In addition to the formal papers above listed, informal talks have been given on a 
wide range of subjects, many of which have covered personal experiences in overcoming 
manufacturing difficulties that are more or less common to all fire brick plants. 


Pennsylvania-Maryland-West Virginia Branch 


_ Despite the fact that the plants in this district outnumber those in Southern Ohio- 
Kentucky by more than three to one, the membership of the Pennsylvania-Maryland- 
West Virginia Branch of the Refractories Operatives Institute is smaller and much less 
active. Twenty-three members have held four meetings in all, with an average at- 
tendance of fifteen. 

The work done has been more in the nature of general discussions on questions 
selected by a “steering committee’’ than the following of formal papers. Among the 
questions that have been taken up and either disposed of or carried over for reports to 
be later made by committees appointed for that purpose, are: 

Should the time of grinding be left to the judgment of the pan-tender or should 

there be a definite time limit set? 

Should the amount of water used in the mix be left to the judgment of the pan- 
tender or should the water be accurately measured? What are the best 
measuring devices for this purpose? 

What is the relative importance of the different piece-workers in the manufacture 
of fire brick? Are the piece-workers of the same relative importance giving 
approximately the same amount of labor to accomplish a day’s work? 

Is the refractories industry training a sufficient number of young men as molders and 
pressers to maintain the present rate of output on hand-made brick and shapes? 

What is the most economical wood to use for molds? 

What are the causes for the existing variation in the size of 9-inch straight brick? 
Formal papers have been presented and discussed on the following subjects: 

Control and Reduction of Floor Breakage 

Compensation Insurance 

Benefits of Grog (calcined clay) in Mixes 

Daily Labor Cost Reports. 


New York, New Jersey and New England Branch 


This branch has fourteen members and has held but one meeting, at which six 
members were present. Its present purpose is to hold four meetings a year. 

Branches are being organized in Missouri and in Colorade. As in the case of the 
branches now functioning, the first meeting will be attended by one of the members of 
the Association’s committee, which consists of Mr. E. M. Weinfurtner, of Ashland, Ky., 
Mr. George H. Diack, of Lock Haven, Pa. and Mr. Samuel M. Kier, of Salina, Pa. 
Each branch has its own Constitution and By-Laws, elects its own officers and is self- 
supporting. 
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OHIO STATE FELLOWSHIPS NAMED 


The three fellowships made available at the Ohio State University in coédperation 
with the U. S. Bureau of Mines have been filled. The following men together with the 
investigation to be undertaken have been chosen by the committee in charge. 

A. J. Andrews—The fabrication of dolomite refractories. 

J. G. Phillips—Volume changes occurring in fire clay refractories during the burning. 

F. T. Heath—Subject to be chosen. 

Each of these men is a candidate for his doctorate. Messrs. Phillips and Heath in 
Ceramics and Mr. Andrews in Chemistry. The work is being carried out in the labora- 
tories of the Bureau and under the co-direction of the Superintendent of the Bureau and 
the head of the Department in which the incumbent is a candidate for a degree. 


FRANK H. RIDDLE IN EUROPE 


Frank H. Riddle, former president of the AMERICAN CERAMIC SocrETY (1922-23) 
will sail for France on the “S. S. Leviathan,” in November. Mr. Riddle will present a 
paper before the International Conference on Insulators which will be held in Paris 
on November 26. The subject of the paper will be ‘‘Relation between the Composition, 
Micro-Structure and the Physical Properties of Porcelain.”’ 

The trip will be made in the interests of the Champion Porcelain Company and the 
Jeffery-Dewitt Insulator Company and while in France he will do some advisory work for 
the Compagnie General D’Electric Ceramique, one of the largest ceramic manufacturers 
in France. 

This firm recently completed a modern plant equipped with tunnel kilns to manu- 
facture special thick insulators under Jeffery-Dewitt patents. 

Mr. Riddle will also visit other plants, not only in France but in other European 
countries. 

On September 13, Mr. Riddle gave a talk in Cincinnati on the manufacture of 
electrical porcelain for high tension insulators at a meeting of the local section of the 
American Institute of Electrical Engineers. 


RESEARCH ON DRY PRESSING OF AMERICAN TALC 


The American Lava Corporation of Chattanooga, Tenn., has entered into a co- 
operative agreement with the department of the Interior, U. S. Bureau of Mines, where- 
by a study of dry pressing of American tales will be made. Under the terms of the 
agreement the Bureau will study methods of proper beneficiation of the talc as well as 
fabrication of the ware. 

R. M. King is employed directly in the laboratory and field work, which is under 
the director of the Columbus Station of the Bureau. 


ELLSWORTH OGDEN LEAVES BUREAU OF MINES 


Ellsworth Ogden has severed his connection with the Columbus Station of the U. S. 
Bureau of Mines as Ceramic Engineer to go with the Lavino Refractories Company of 
Philadelphia, Pa. Mr. Ogden, while with the Bureau, was connected with the survey of 
burning conditions on refractory plants and will serve the Lavino Company in a similar 
capacity. 

This is another of the oft repeated cases where the industry avails itself of the 
excellently trained men who have received experience along a special line in the govern- 
ment service. 
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INTERNATIONAL CRITICAL TABLES OF NUMERICAL DATA ON 
PHYSICS, CHEMISTRY AND TECHNOLOGY 


Prepared under the Auspices of the International Research Council 


The Board of Editors of International Critical Tables met in Washington, D. C., 
August 16 for three days to select codperating experts who will be invited to assume re- 
sponsibility for critically compiling the various classes of data. It is estimated that four 
hundred coéperating experts will be needed. Selection will be made largely on the basis 
of recommendations received from the corresponding editors and their Advisory Com- 
mittees from the principal countries of the world. 

Invitations to act as coéperating experts will be issued from the editorial office 
as fast as action is taken by the Board. From responses thus far received a full measure 
of coéperation is expected from the chemists and physicists of the world. 

In dividing the subject matter for assignments the Board has endeavored to make 
each of such a magnitude that it can be reasonably completed in a year’s time without 
proving too great a burden upon any expert. 

International Annual Tables is now in its 12th year. It has demonstrated the 
possibility of preparing through international coédperation an annual abstract of the 
results of the world’s researches in quantitative measurement. The purpose of Jnter- 
national Critical Tables is to take an account of stock of our present quantitative knowl- 
edge of material things and to publish in convenient form the result of expert criticism 
of this knowledge. 

The International Union of Pure and Applied Chemistry and the International 
Research Council have given the weight of their authority and influence to International 
Critical Tables. American industries will supply the necessary funds. It remains only 
for the scientists of the world to contribute their time, money and expert knowledge to 
insure the successful completion of the undertaking. Science itself is international. 

If the results of scientific research are to be utilized most efficiently they must first 
be made easily accessible. ‘To make these results accessible so that they may be utilized 
to the best advantage is as much the duty of men of science as are the researches which 
produce them and the task of rendering these results readily accessible requires the co- 
operation of the same types of expert knowledge as have been employed in producing 


them. 
ORGANIZATION OF INTERNATIONAL CRITICAL TABLES 

Board of Trustees Board of Editors 
(in charge of financial matters) Editor-in-chief, Edward W. Washburn 
Chairman, George P. Adamson Associate Editors, Clarence J. West, N. 
Secretary, William M. Corse Ernest Dorsey 
Harrison E. Howe Members of the Board 
Hugh K. Moore George K. Burgess C. E. K. Mees 
Charles L. Reese Saul Dushman C. E. Mendenhall 
Julius Stieglitz John Johnston R. B. Moore 


Edward B. Craft 
Associate Editors and Special Editors 
Joseph Pelc, Special Table of Organic and Inorganic Substances 
F. R. Bichowsky, Thermochemical Data 
Walter Rosenhain, Metals and Alloys 
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THE BUREAU OF STANDARDS WANTS COOPERATION 
Tests Applied to Drying Properties of Clay 


By G. K. Burcgss! 

The Bureau of Standards has developed a series of tests applied to the drying 
properties of clays. In order to have this work include a wide range of materials and to 
become of general practical use manufacturers are urged to submit for test clays in 
use at their plants. It will be desirable to receive a variety of clays, those which have 
the best drying characteristics as well as those which offer difficulty in drying. 

Clays submitted should be accompanied by the following information: 


1. Kind. 2. Articles manufactured. 

(a) Surface clay (a) Hollow tile 

(b) Shale (b) Sewer pipe 

(c) No. 1 or No. 2 fire clay. (c) Brick (paving or building). 
3. Drying treatment in plant. 4. Difficulties experienced. 

(a) Type of drier Extent of loss of ware. 


(b) Time required to dry 
(c) Temperatures in drier (if tunnel drier at hot end). 


The tests to which the clays will be subjected will include the following: 

1. Average water of plasticity. 

2. Drying shrinkage at 110°C. 

3. Safe and ideal rate of drying stated either in per cent of moisture loss per hour 
or, if the weight relative to the exposed area of the manufactured pieces be given, the 
time can be stated in hours, with the proper temperature, humidity and air circulation 
to be maintained. 

4. Rate of drying shrinkage compared to loss in moisture and the stage of drying 
at which shrinkage is complete. 

5. Strength of the unfired piece. 

6. If desirable, dry porosity and the moisture diffusion constant can be given; 
however, these factors are related and applied in the drying rate under No. 3. 

It is expected, from this work, that it will be possible to recommend improvements in 
drying treatment and to overcome difficulties now current in the handling of many 
materials. it will also be possible to give data on new materials, predicting their drying 
behavior in commercial driers. 

The manufacturers can aid largely in this work by immediately submitting samples 
of their raw material together with full details of character and treatment, as previously 
outlined. 


PACIFIC NORTHWEST CLAYWORKERS’ ASSOCIATION 


The summer meeting of the Pacific Northwest Clayworkers’ Association? was held 
at the Northern Clay Company, Auburn, Washington Saturday afternoon and evening, 
August 25th. The program covered a series of papers on Driers and Drying Clay 
Products, as follows: 


1 Director, Bureau of Standards. 
2? Hewitt Wilson, Secretary. 
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1. Clay and Water—Marriage and Divorce. Hewitt Wilson, Ceramic Depart- 
ment, University of Washington, Seattle. 

2. Commercial Drying Methods and Dryers for Clay Wares. W. E. Lemley, 
General Superintendent, Denny Renton Clay and Coal Co., Seattle. 

3. The Martin Steam Pipe Rack Brick Drier and the Boss Drying System. 
Samuel Geijsbeek, Geijsbeek Engineering Company, Seattle. 

4. The New Double Deck Brick Drier at the Builder’s Brick Company. 
F. T. Houlahan, Seattle. 

5. The Carrier Humidity Drier for Terra Cotta. Demonstration. Paul S. 
MacMichael and A. Lee Bennett, Northern Clay Company. 

6. Heat Losses and Control or Where Your Money Goes. Hewitt Wilson. 

The Manufacture of Refractories. The new film of the U. S. Bureau of Mines 

was shown at one of the local moving picture houses. 


“J 


Over forty men from Oregon and Washington attended the meeting and were 
treated to a magnificent dinner at one of the Auburn restaurants at the expense of the 
Northern Clay Company. 

This is the third meeting of the Association this year. In fact the Association was 
only organized January 20th, 1923 and already there is a membership of over fifty. 

At the next meeting, tentative date January 20, 1924, the question of Kilns and 
Methods of Firing will be discussed. 


SUMMARIZED REPORT OF HOTEL CHINAWARE CONFERENCE 


At the request of a joint committee of the American Hotel Association and the 
American Vitrified China Manufacturers Association, the Department of Commerce 
arranged a general conference of hotel men, potters, government representatives and 
others interested, on May 28, 1923, at Washington, D. C., to consider constructive elimi- 
nations of excess sizes and varieties of hotel chinaware. Interest in applying Simplified 
Practice to this commodity originated in an address by Mr. A. Lincoln Scott, represent- 
ing the Research Bureau of the American Hotel Association, before the annual conven- 
tion of the AMERICAN CERAMIC SOCIETY at Pittsburgh. 

Following Mr. Scott’s presentation, the Society endorsed a program for Simplifica- 
tion and asked a committee from the Research Bureau of the Hotel Association to meet 
with the American Vitrified China Manufacturers Association at the Hotel Astor, New 
York, April 10, 1923. Here Mr. Scott especially emphasized the simplification of china- 
ware from the hotel standpoint and the manufacturers adopted a resolution authorizing 
the appointment of a committee to work with a similar group from the Hotel Association, 
and further authorized the appointment of an industrial engineer to codperate with an 
engineer from the Hotel Association Research Bureau. 

On May 7, a joint meeting of these committees was held at the Hotel McAlpin, 
New York, where Mr. A. E. Foote, of the Division of Simplified Practice, presented the 
available service of the Department of Commerce and illustrated with lantern slides 
accomplishment in many similar lines. From this last meeting was developed the Gen- 
eral Conference of May 28, with personnel as detailed in the accompanying list. Some 
700 samples of hotel chinaware, representatives of 200 variations commonly merchan- 
dized were before the meeting, and after thorough discussion the conference crystallized 
its unanimous opinion in the following resolutions and the recommendation now issued 
in tentative form as Simplified Practice Recommendation No. 5 of the Department of 


Commerce: 
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WHEREAS the Vitrified China Manufacturers’ Association in coédperation with 
the American Hotel Association and other interested representatives have met with 
and at the invitation of the Secretary of Commerce and the chief of the Division of 
Simplified Practice for the purpose of considering the simplification of hotel china- 
ware in the interests of economy, be it 

Resolved that as a step towards the elimination of excess varieties of hotel china- 
ware, the Vitrified China Manufacturers’ Association, in coéperation with the Amer- 
ican Hotel Association, hereby recommends the establishment of the sizes and vari- 
eties as standard for hotel use, as shown on the attached list: 

Furthermore, be it Resolved that the Vitrified China Manufacturers’ Association 
and the American Hotel Association hereby commend the constructive coéperation 
of the Division of Simplified Practice of the Department of Commerce, in lending its 
assistance to our effort to eliminate waste through the reduction of variety in hotel 
chinaware, and likewise commend the Chamber of Commerce of the United States 
for the helpful service rendered in this connection. 


TABLE I 


SIMPLIFIED PRACTICE RECOMMENDATION No. 5 
HoTeL CHINAWARE 


In accordance with the unanimous action of the joint conference of all interests 


concerned with Hotel Chinaware, personnel as shown in the accompanying list, the U. S. 
Department of Commerce recommends that the recognized sizes and varieties of this 
commodity be restricted to the following: 


Roll edge list Trade size Actual size Tolerance 
ae 71/5" 1/,” 
Plates, Rim 1/,” 
Pintes, Rim Goup............... 7% g” 1/,” 
Plates, Coupe, Soup............. 6” 71/." 1/,” 
Plates, Individual butter........ 31/,” 1/,” 
Dishes, oval, platters........... 4” ta 1/,” 
Dishes, oval, platters........... 6" g1/,” 1/,” 
Dishes, oval, platters........... 8” 111/,” 1/,” 
Dishes, oval, platters........... 10” 131/,” 1/,” 
Dishes, oval, platters........... 12” 151/,” 1/,” 
Bakers, vegetable dishes......... 21/," 51/4” 1/,” 
Bakers, vegetable dishes......... i 53/4” 1/,” 
Bakers, vegetable dishes......... 5” 71/4" 1/,” 
Bakers, vegetable dishes......... 8” 10” 1/,” 
Large 11 oz. 1/4 OZ. 
Medium 5 oz. oz. 
30’s 53/4 oz. 1/3 Oz. 
Pere No. 2 12 oz. 1/9 OZ. 
111/,” 1/,” 
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Bowl, salad. . 1/,” 
Bowl, salad. . 61/3" 1/,” 
Cups, 71/9 oz. 1/, oz 
Crs, Coffee, to 10 ozs. 
7 to 8 ozs. 
Cups, Extra Tea, Boston........  .... to 9 ozs. 
Cups, Egg, Wheat, Unhd........  .... oz. 1/, oz. 
Cups, Coffee, Saxon A. D........ 35/3 oz. oz. 
Saucers, Coffee, A. D. (To match 

Celery Tray, No. 1 13” 
Celery Tray, oval............ . No. 22 10” t/_” 
Celery Tray, oval.............. No. 3 75/,” 
Celery Tray; Fancy 7° 
Creams, No. 1 Tankard Hd or 

Dishes, Fruits, coupe shape...... 3” 41/," 
Dishes, Fruits, coupe shape..... . 31/." 43/," 
Dishes, Fruits, coupe shape...... 4” 53/,” 
Dishes, Fruits, coupe shape..... . 41/," 53/," 
Dishes, Ice cream........... 4” 41/," 
Dishes, Grape Fruit....... 6” 
Dishes, Pickle, oval........ 83/,” 
6’s 5'/2 to 63/, pts. 
31/2 to 5 pts. 
... 36's 1 to 1'/, pts. 
... 42’s 3/, pts. 
Jugs, Hall Boy Pitcher.......... 24’s 23/, pts. 1/, pts. 
Mustard Pots, Vienna Unhd.... No. 1 41/5 oz. 1/5 oz. 
Nappies. . 4” 53/,” 

For qumiament service pthe deans list of shapes are required plus the additional shapes 
listed below 

. 8 pts. 1/, pt. 
Sugar Bowl, individual..........  .... 5 oz. 1/4 OZ. 
Sugar Bowl.. 17 oz. 1 oz. 
Coffee Pot, indiv very 12 oz. 1 oz. 
Match stand round hooded...... .... 61/2” 


It is further recommended that the recognized items be made in three weights only, 
as covered by the trade names “ROLLED EDGE,” “MEDIUM WEIGHT” and 
“LIGHT WEIGHT,” respectively. 
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Approved subject to regular annual review in conference with the Central Com- 
mittee of the Industry. 
HERBERT HOOVER 


Secretary of Commerce 
July 1, 1923 


Personnel of Chinaware Conference 
POTTERS’ REPRESENTATIVES 

Bown, Lew H., Buffalo Pottery, Buffalo, N. Y. 

Goulding, A. L., Warwick China Co., Wheeling, W. Va. 

Huber, Wm. 'L., Onondaga Pottery Co., Syracuse, N. Y. 

Mayer, Arthur E., The Mayer China Co., Beaver Falls, Pa. 

Purdy, Ross C., American Ceramic Society, Lord Hall, O. S. U., Columbus, O. 

Read, Charles W., Shenango Pottery Co., New Castle, Pa. 

Sutterlin, Frederick, Maddock Pottery Co., Trenton, N. J. 

HOTEL REPRESENTATIVES 

Dyer, Herbert A., Hotel Biltmore, New York City—Amer. Hotel Assn. 

Gillis, Geo. M., 1410 M St., The New Willard, Washington, D. C. 

Hight, Frank S., The New Willard, Washington, D. C. 

Scott, A. L., American Hotel Association, Chicago, II. 

Scofield, Franklin D., American Hotel Association, Hotels McAlpin and Martinique, 
New York City. 

FEDERAL REPRESENTATIVES AND MISCELLANEOUS DISTRIBUTORS 

Bates, P. H., Bureau of Standards, Washington, D. C. 

Bentley, U. S. A., Captain Geo. A., Room 2214 Munitions Bldg., War Department, 
Washington, D. C. 

Brown, F. C., Bureau of Standards, Washington, D. C. 

Edwards, Lt. Comdr. E. C., Room 1105 Navy Bldg., Washington, D. C. 

Harrison, A. J., U.S. Veterans Bureau, Rm. 736, Arlington Bldg., Washington, D.C. 

Hazelwood, F., Bureau of Standards, Washington, D. C. 

Holden, P. E., Fabricated Production Dept., C. of C. of U. S., Washington, D. C. 

Kidd, R. C., Federal Specifications Board, U. S. Veterans Bureau, Washington, 

Kinsey, R. D., U. S. Public Health Service, 1211 13th St. N. W., Washington, D. C. 

Puryear, Major B., Jr., U. S. Marine Corps, Navy Bldg., Washington, D. C. 

Sortwell, H. H., Trenton, N. J. 

Williams, Arthur E., Bureau of Standards, Washington, D. C., Chairman, Federal 
Specifications Board. 

DIVISION OF SIMPLIFIED PRACTICE 


Foote, A. E., Division of Simplified Practice, Department of Commerce, Washing- 
ton, D. C. : 
Gately, Wm. A., Department of Commerce, Washington, D. C. 


PROF. PARMELEE RECEIVES APPOINTMENT 


Professor C. W. Parmelee has been made Head of the Department of Ceramic 
Engineering at the University of Illinois. He has been connected with the institution 
since 1916 as Professor of Ceramic Engineering and during the past year served as 
Acting Head. 
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CALENDAR OF CONVENTIONS 


Organization Date Place 
AMERICAN CERAMIC SOCIETY Feb. 4-8, 1924 Atlantic City 
(Annual Meeting) 

American Concrete Institute Feb. 25-28, 1924 Chicago 
American Face Brick Assn. Dec. 4-6, 1923 French Lick Springs, Ind. 
American Face Brick Assn. (Southern 

Group) Nov. 1923 West Baden, Ind. 
American Malleable Castings Assn. Jan. 1924 Cleveland, Ohio (?) 
American Road Builders’ Assn. Jan. 14-18, 1924 Chicago 
American Trade Assn. Executives Oct. 24-26, 1923 Chicago 
American Zinc Institute May, 1924 St. Louis 
Assn. of Scientific Apparatus Makers 

of U.S. A. April 18, 1924 Washington, D. C. 
Common Brick Mfrs. Assn. of 

America Feb. 11, 1924 Los Angeles, Calif. 
Gas Products Assn. Jan. 1924 Chicago 
Hollow Bldg. Tile Assn. Jan. 1924 Chicago (?) 
Natl. Assn. of Stove Mfrs. May 7-8, 1924 New York, Hotel Astor 
Natl. Brick Mfrs. Assn. Feb. or Mar. 1924 
Natl. Builders Supply Assn., Inc. Feb., 1924 Chicago (?) 
Natl. Electric Light Assn. May or June, 1924 
Natl. Glass Distributors Assn. Dec. 4-5, 1923 Pittsburgh, Pa. 
Natl. Paving Brick Mfrs. Assn. Dec., 1923 
Portland Cement Assn. Nov. 19-21, 1923 New York 
Stoker Mfrs. Assn. Oct. 25, 1923 (?) 


U. S. Potters Assn. Dec., 1923 Washington, D. C.(?) 


> 


WHAT WOULD YOU DO 


Mr. ceramic man im case you were taken seriously ill? Call 
a doctor of course; he would understand your case better than 
a blacksmith, wouldn’t he? 


THE SAME LINE OF REASONING 
holds true with the advertisers in the JOURNAL. They 


know what you should have in the line of equipment, sup- 
plies and materials of all kinds—that is their business. They 
maintain salesmen and engineers to assist you in selecting 
the proper equipment or material. They go further than 
that—they maintain service departments. 


EVERY ITEM 


advertised in the JOURNAL by the various companies and 
individuals is the best that can be obtained no matter what 
price you pay. They are advertised. there because the 
JOURNAL is the logical place, just as the doctor is the logi- 
cal one to call when you are sick. 


IF 


you see something in the Buyer’s Guide and don’t find the ad 
in the pages, drop a post card to us and the information you 
desire will be in the return mail. Don’t hesitate to 
write us if you want some thing and do not know where to 
get it. Supplying this information is one of our jobs. 


Advertising Department 


AMERICAN CERAMIC SOCIETY 
Lord Hall, O.S.U. Columbus, Ohio. 


AMERICAN CERAMIC SOCIETY 


THE U. S. ROTARY ENAMEL SMELTING FURNACE 
SATISFIED USERS——OUR BEST ASSET 


Partial List 


Ingram-Richardson Mfg. Co., Beaver Falls, Pa. 
Ingram-Richardson Mfg. Co., Frankfort, Ind. 
Ingram-Richardson Corp., Bayonne, N. J. 

Kohler Company, Kohler, Wisconsin. 

Porcelain Enamel & Mfg. Co., Baltimore, Md. 
Columbian Enameling & Stamping Co., Terre Haute, Ind. 
Sheet Metal Products Co., Toronto, Canada. 

Grand Rapids Refrigerator Co., Grand Rapids, Mich. 
Mansfield Vitreous Enameling Co., Mansfield, Ohio. 
A-B Stove Company, Battle Creek, Mich. 

Hall China Company, East Liverpool, Ohio. 

Beaver Falls Art Tile Co., Beaver Falls, Pa. 

Pacific Sanitary Mfg. Co., Richmond, Cal. 

Rundle Mfg. Company, Milwaukee, Wis. 

Wolff Manufacturing Corp., Chicago, IIl. 

Floyd-Wells Company, Royersford, Pa. 

Federal Electric Company, Chicago, Ill. 

Bridge & Beach Mfg. Co., St. Louis, Mo. 

Beach Enameling Co., Coshocton, Ohio. 


SIZES AND CAPACITIES 


No. 1 No. 2 No. 3 No. 4 No. 4-B 
60 Ib. 150 Ib. 350 Ib. 750 Ib. 1200 Ib. 


Description, Photographs, Specifications and Prices Mailed Promptly. 


THE U. S. SMELTING FURNACE CO. 


BELLEVILLE, ILLINOIS, U. S. A. 


(When writing to advertisers, please mention the JOURNAL) 
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froctor 


DRYING 
MACHINERY 


for all 
Clay Products 


Electrical Porcelain 
Sanitary Ware 
General Ware in Moulds 
Dipped General Ware 
Clay Rolls :: Spark Plugs 
Saggers :: Tile 
Refractories :: Brick 


Chemical Stoneware 


PROCTOR & SCHWARTZ, inc. 


PHILADELPHIA, PA. 


(When writing to advertisers, please mention the JOURNAL) 
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Air Compressors 
General Electric Co, 


Alumina (Hydrate and Calcined) 
Pennsylvania Salt Mfg. Co. 


Analyses 
Scioto Ceramic Testing Laboratory 


Auger Machines 
Chambers Brothers Co. 


Automatic Cutters 
Chambers Brothers Co. 


Automatic Stove Rooms 
Philadelphia Drying Mch. Co. 


Ball Mills 
Hardinge Co. 
Mueller Machine Co., Inc 


Bituminous Coal 
Seaboard Fuel Corp. 


Brick Making Machinery 
Chambers Brothers Co. 


Caustic Soda 
Pennsylvania Salt Mfg. Co. 


Ceramic Chemicals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co 
Lindsay Light Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co., (Inc.) 


Roessler and Hasslacher Chemical Co. 


Vitro Mfg. Co. 


Ceramic Plant Equipment 
Ceramic Engineering Co. 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 
Philadelphia Drying Machinery Co 
Proctor and Schwartz, Inc. 


Clay (Ball) 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (China) 
Central of Georgia ae Co. 
Drakenfeld and Co., B. F. 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (Electrical—Porcelain) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Iuc.) 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (Enamel) 
Edgar Brothers Co. 
Metal & Thermit Corp. 
United Clay —— Corp. 
Vanderbilt Co., R. T. 
Vitro Mfg. Co. 


Clay (Fire) 
Central of Georgia Railway Co. 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
United Clay Mines Corp. 


Clay (Potters) 
Central of Georgia Railway Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T 


Clay (Sagger) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay Handling Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 

Clay Miners 
Edgar Brothers Co. 

United Clay Mines Corp, 
Vanderbilt Co., R. T. 

Clay (Wall Tile) 

Central of Georgia Railway Co. 
Vanderbilt Co., R. T. 


Clay Washing Machinery 
Mueller Machine Co., Inc. 


Clay Working Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Coal- (Bituminous) — 
Bowman Coal Co. 
Madcira, Hill & Co. 
Seaboard Fuel Corp. 


Colors 
Drakenfeld and Co.. B. F. 
Harshaw, Fuller and Goodwin Co 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Conditioning Machinery 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Conical Mills 
Hardinge Co. 


Construction 
H, K. Ferguson Co. 


Controllers 
General Electric Co. 


Conveyors (Clay, Sand, Brick, etc.) 
Hadfield-Penfield Steel Co. 
Philadelphia Drying Machinery Co. 
Mueller Machine Co., Inc. 


Controllers, (Automatic Temperatures) 
Brown Instrument Co 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Cornwall Stone 
Pennsylvania Pulverizing Co. 


Crushers 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Mueller Machine Co., Inc. 


Decorating Supplies 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Disintegrators 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Dryers (China Ware—Porcelain) 
Ceramic Engineering Co. 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


(When writing to advertisers, please mention the JOURNAL) 
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Do You 


Pulverize Your Material 


LLEVATOR 


AIR SEPARATOR 


a 
Y To STORAGE 


= 7 


SAVARDINGE CONICAL 


Hardinge Mill in closed circuit with an air 
separator arranged to deliver a product 
of 99.9% passing 200 mesh. 


HARDINGE: COMP. 


YORK. PENNSYLVANIA 
NEW YORK.N.Y.120 BROADWAY 
SALT LAKE CITY, UTAH: NEWHOUSE BUILDING g 

LONDON. ENGLAND; SOUTHAMPTON ROW 


This Way ? 


Every material to be ground requires 


different methods of operation. 


Here are examples of two of the many 
methods employed to accomplish the 


required results at the least expense. 


There are many other ways. Write for 


information concerning your grinding 


problem. 
Ftto Bin 
MAROINGE CONICAL 
4; 


Hardinge Mill in open circuit for grinding 
under average conditions either 
wet or dry. 


Hardinge Conical Mills 


(When writing to advertisers, please mention the JOURNAL) 
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Drying Machinery 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


Electrical Instruments 
Brown Instrument Co, 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Enameling Equipment, Complete 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 


Enameling Furnaces 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
General Electric Co. 

Surface Combustion Co. 

The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 

Vitro Mfg. Co. 


Enameling Furnaces (Electric) 
General Electric Co. 


Enameling Muffles 
General Electric Co. 
Parker-Russell Mining & Mfg. Co. 


Enameling, Practical Service 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Enamels, Porcelain 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co 


Engineering Service 
Ceramic Engineering Co, 
Chambers Brothers Co, 
H. K. Ferguson Co. 
Hadfield-Penfield Steel Co. 


Guipment (Electrical) 
General Electric Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


Feldspar 
Central of Georgia Railway Co. 
Drakenfeld and Co., B. F. 
Golding-Keene Co. 
Harshaw, Fuller and Goodwin Co. 
O’Brien and Fowler 
Pennsylvania Pulverizing Co. 
Product Sales Co. 
Roessler & Hasslacher Chemical Co 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Filtering Machinery 
Mueller Machine Co., Inc. 


Fire Brick 
Parker-Russell Mining & Mfg. Co. 


Flint 
Golding-Keene Co. 
Pennsylvania Pulverizing Co. 
Product Sales Co, 


Fuel 
Bowman Coal Co. 
Madeira, Hill & Co. 
Seaboard Fuel Corp. 


Furnaces 
Chicago Vitreous Enamel Product Co, 
Ferro Enamel Supply Co. 
Hagan, Geo. J. Co. 
Parker-Russeil Mining & Mfg. Co. 
The Porcelain Enamel & Mfg. Co. 
The Surface Combustion Co, 
U.S. Smelting Furnace Co. 

Furnaces (Ilectrical) 
General Electric Co. 
Hagan Geo. J. Co. 

Glazes and Enamels 
Chicago Vitreous Enamel Product Co 
Fetro Enamel Supply Co. 
Hagan Geo. J. Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 

Gold 
Drakenfeld, and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Impervite (Refractory and Hard Porcelain) 
Engelhard, Charles, Inc. 


Iron (Enameling) 
American Rolling Mill Co. 
United Alloy Steel Corp. 
Jiggers 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Kaolin 
Central of Georgia Railway Co. 
Edgar Plastic Kaolin Co. 
Harshaw, Fuller and Goodwin Co 
Roessler & Hasslacher Chemical Co 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 

Kryolith 
Pennsylvania Salt Mfg. Co. 


Metals (Porcelain Enameling) 
American Rolling Mill Co. 
United Alloy Steel Corp. 
Mills (See under Ball Mills) 
(See under Pebble Mills) 
Minerals 
Drakenfeld and Co., B. 
Harshaw, Fuller and Ere Co, 
Lindsay L ight Co, 
Product Sales Co. - 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 
Mixing Machines 
Chambers Brothers Co, 
Muriatic Acid 
Harshaw, Fuller and Goodwin Co, 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
Operators (Coal) 
Bowman Coal Co. 
Madeira, Hill & Co. 
Seaboard Fuel Corp. 
Oxides 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Lindsay Light Co. 
Paper Makers (Inc.) 
Pennsylvania Salt Mfg. C 
Roessler and Hasslacher C Co. 
Vitro Mfg Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Specialists since 1869 in 


METAL OXIDES 


COBALT TIN 
CHROME ANTIMONY 
COPPER MANGANESE 
NICKEL URANIUM 


CADMIUM SULPHIDE 


in various shades of 
RED ORANGE YELLOW 


OXIDE COLORS 


COBALT SULPHATE 


NICKEL SULPHATE 


Single and Double Salts 


SELENIUM 


B. F. Drakenfeld & Co., Inc. 


50 Murray St. New York, N. Y. 


(When writing to advertisers, please mention the JOURNAIQ) 
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Pans (Wet and Dry) 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Hadfield-Penfield Steel Co. 
Hardinge 
Machine Co., Inc. 


Placing Sand 
Pennsylvania Pulverizing Co. 


Plate Feeders 
Chambers Brothers. Co. 
Hadfield-Penfield Steel Co. 


Porcelain Enameling Service, Practical 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Enamels 


Chicago Vitreous Enamel Product Co. 


The Porcelain Enamel & Mfg. Co 
Vitro Mfg. Co. 


Pottery Machinery 
Hadfield- Penheld Steel Co, 
Mueller Machine Co., Inc. 


Pug Mills 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc 


Pulverizing Machinery 
Hadfield- Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pulverizing Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pumps 
Mueller Machine Co., Inc. 


Pyrometers (Indicating) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Pyrometers (Recording) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Quartz 
Central of Georgia Railway Co. 


Recording Instruments 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Refractory Materials 
Buckeye Clay Pot Co. 
Parker-Russell Mining & Mfg. Co 


Regulators (Automatic Temperatures) 
Brown Instrument Co, 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Sagger Presses 
Chambers Brothers Co, 
Hadfield-Penfield Steel Co. 
Muelier Machine Co., Inc. 


Shippers (Coal) 
Bowman Coal Co. 
Madeira, Hill & Co. 
Seaboard Fuel Corp. 


Silica Brick 

Parker-Russell Mining & Mfg. Co. 
Silex Lining 

Hardinge Co. 
Selenite of Sodium 

Drakenfeld and Co., B. F, 

Metal & Thermit Corp. 

Vitro Mfg. Co. 


Smelters 
Ferro Enamel Supply Co. 
Parker-Russell Mining & Mfg. Co. 
The Surface Combustion Co. 
U. S. Smelting Furnace Co. 


Sodium Antimonate 
Metal & Thermit Corp. 
Vitro Mfg. Co. 


Spar 
Central of Georgia Railway Co. 
Golding-Keene Co. 
Pennsylvania Pulverizing Co. 
Vanderbilt Co., R. T. 


Sulphuric Acid 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Gncdieainn Chemical Co 


Temperature Instruments (Measuring) 
Brown Instrument Co. 
Engelhard Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Thermometers (Electric Resistance) 
Brown Instrument 
Engelhard Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Tile Machinery (Floor and Wall) 
Mueller Machine Co., Inc. 


Tubes (Insulating) 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co 


Tubes (Pyrometer) 
Brown Instrument Co. 
Engelhard Charles, Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


Vacuum Pumps 

Mueller Machine Co., Inc. 
Wet Enamel 

Vitro Mfg. Co. 
Whi 
enfeld and Co., B. F. 
Harshaw, Fuller and Rahat Co. 
Roessler and Hasslacher Chemical Co. 
Vanderbilt Co., R. T. 


Zirconia 
Lindsay Light Co. 
Vitro Mfg. Co. 
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Electric vitreous enamel 
furnace equipped with G-E 
Direct-Heat Units and 
Automatic Temperature 
Control 


G-E Industrial 
Heating Specialists 
will gladly help you 
work out a better 
vitreous enamel 
furnace plan— 
through the proper 
application of elec- 
tric heat. 


GENERAL ELECTRIC 


JOURNAL OF THE 


Electric Vitreous Enameling 


Improving the product and reducing the cost of 
production are actual facts in the application of 
electric heat thru G-E Direct-Heat Units to 
vitreous enamel furnaces. 


G-E Direct-Heat Units in your furnace mean 
no muffles to sag or break—no combustion gases 
and dirt—elimination of rejects due to spoilage 
by furnace—decreased labor for operating—and 
minimum upkeep on equipment. 


G-E Direct-Heat Units radiate quick, clean heat 
direct to the charge-—electric heat so uniformly 
distributed throughout the furnace, and so accu- 
rately controlled that the maximum speed and 
highest quality of vitreous enamel are obtained. 


General Electric Company 
Schenectady, N. Y. 


Sales Offices in all large cities 


39-107D 
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A remarkable oil-fired furnace— 


for vitreous 
enameling 


Mufile type. Fired by a 
single oil burner. When 
used in conjunction with 
the “‘speed fork’’ illustra- 
ted, this furnace is guaran- 
teed to deliver 1200 
pounds of steel per hour 
at 1700°F; or 900 pounds 
of cast iron per hour at 
1350°F. 


Write right now for complete interesting data on this remarkable new 
development in the vitreous enameling field. 


SURFACE 
THE COMBUSTION CO. 


Gerard Ave. & 145th St., New York City 


New York Philadelphia Baltimore Pittsburgh Chicago Birmingham 
Seattle Detroit ew Orleans 
Industrial Furnace Engineers and Manufacturers 
Consulting, Engineering, Designing and Construction Work of Any Character Relating to Furnaces 


COAL, COKE, GAS, OIL FIRED 


ENAMELING MUFELES 
SMELTERS 
INDUSTRIAL FURNACES 


DESIGNERS AND BUILDERS 


a HIGH GRADE FIRE BRICK, SPECIAL TILE 
SILICA BRICK AND TILE, ETC, 


INQUIRIES WILL RECEIVE PROMPT ATTENTION 
"HE PARKER RUSSELL 


MINING AND MANUFACTURING CO. f 
603 LACLEDE BUILDING 
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CLAY ENGINEERS AND FACTORY ARCHITECTS 


Working Drawings and Specifications of the Most Economical and Efficient 
Plants for the Manufacture of Clay Products. 


Superior Dryers, Kilns and Gas Producers 
THE RICHARDSON COMPARTMENT KILN 


The Ceramic Engineering Company 


W. D. Richardson, President. 
1466 Michigan Ave., Columbus, Ohio. 


“Built on The Square”’ 


NGELHARD 


| 


ENGELHARD PyYROMETERS 


There are enough uncertainties in the manu- 
facture of ceramic products without adding the 
guessing of temperatures to them. Pyrometers 
not only help from a standpoint of quality, but 
they also enable you to control temperatures 
better, and so shorten the burn and save fuel. 


ENGELHARD PYROMETERS ARE GOOD 
PYROMETERS TO STANDARDIZE ON. 


Charles Engelhard, Inc., 
30 Church St., New York City. 


ARE YOU USING THE NEW HIGH-GRADE OPACIFIER? 


IRCONIA 


| CHEMICALLY PURE FOR ENAMELS 
Made in U. S. A. 


| ew NEW YORK 


(When writing to advertisers, please mention the JOURNAL) 
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Mr. Ceramic Man:— 


What would you think of a Steamship 
Company that purchased compasses, to 
guide their ships and cargoes, upon a 
price basis. 

It isn’t done that way. 


Neither should Pyrometers be bought on 
that basis—they are the compasses of the 
**Seas of Temperatures’”’. 


FUL EN CO, Ask us to tell you 

about the ¢hree cost 
ISS . 

Haran) rometers factors that you 


NEW YORK should consider. 


WI LSON-M. 


rockwet 
Makers Sf Pocort 
Maculen 
and Wilson faet 


CONCORDAVE- 


TRaoe MARK 


Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 


Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY - 


KEENE, 


_FELDSPAR— 


—To a definite Standard— 


CRUDE FELDSPAR 


Porcelain Dental 


O’Brien & Fowler 


114 Wellington St. Derry Quarries, Buckingham, Que. Ottawa, Canada 


WE BOTH LOSE 
if you build or rebuild a Furnace without getting our suggestions 
and prices. We are exclusive representatives for the famous Man- 
ion “V” Type Carborundum Muffle. 
THE FERRO ENAMEL SUPPLY CO., 814 Finance Bldg., Cleveland 


(When writing to advertisers, please mention the JOURNAL) 
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If you want pyrometer protection tube satisfaction 


USE 
Montgomery Hard Porcelain Pyrometer Tubes 
All Sizes and Lengths for either Platinum or Base Metal 
Couples 
The Best Liked and Most Largely Used 
Protection Tubes on the Market today 
If the manufacturer of your pyrometer equipment cannot supply 


you, write us direct. TRADE MARK 
MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U., S. A. 10-22 


FELDSPAR 
The Virginian Feldspar Ground As You Wish It. 


Onide of Trace Loss.... 38% 
THE PRODUCT SALES CO. BALTIMORE, Md. 


HIGH GRADE 


CLAYS 


OF EVERY KIND—FOR EVERY PURPOSE 


UNITED CLAY MINES 
CORPORATION 


GENERAL OFFICES TRENTON, N. J. 


HADFIELD § CLAY PLANT EQUIPMENT 


PENFIELD 


STEEL CO. We build every machine and appliance required 
for making various Clay Products. Correspon- 
dence solicited. We also build Rotary Driers, 

: Cement Mchy., Fuel Oil Engines (Diesel Type), 
r Gasoline Locomotives, Ship Deck Equipment, etc. 


The Hadfield-Penfield Steel Co., Bucyrus, Ohio. 


Formerly The American Clay Mchy. Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Write for 
your copy 


Just drop a line now while you think of it address—The Brown Instrument Co., 
4505 Wayne Ave., Philadelphia or one of their District Offices in New York, 
Boston, Pittsburgh, Detroit, Cleveland, Columbus, Chicago, Indianapolis, 
St. Louis, Birmingham, Denver, San Francisco, Los Angeles, or Montreal. 


used in tae world 


Stove Rooms 


Mangles 
Sagger Pottery 
Dryers Dryers 
Conveyor Tunnel 
Dryers Dryers 
for for 
Enameled Electric 
Porcelain 


Stove Parts 


Automatic Mangle 


Turning out the best finished ware at the least cost and with the least spoilage has 
been the performance of ‘“‘Hurricane’’ Dryers for their owners since installation. 


May we show you how we can save you money and produce better ware by 
the ‘“Hurricane’’ system? 


The Philadelphia Drying Machinery Co. 


Western Agency 
1814 Cont’l. Bank Bldg. Philadelphia, Pa. Boston Agency 
Chicago, IIl. 53 State St. 
CANADIAN AGENTS—Whitehead, Emmans, Ltd., Montreal and Hamilton, Canada. 
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ENAMELS COLORS 


for for 
CAST IRON ENAMELS 
and POTTERY 
Sheet STEEL Glass 


& Chemicals 


Chrome Oxide 


Uranium 


Cadmium Sulphide 
Selenium 


Copper Oxide Zirconia 


PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PENNA. 


~ 


Pure Canadian Potash Feldspar 
Potters Flint Placing Sand 
SALES OFFICE 


341 Fourth Avenue 
Pittsburgh, Pa. 
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CLASSIFIED ADVERTISING 


Professional Services 


Being an engineer will not 
guarantee employment of 
your services— You must 
tell what you have done and 
can do—Let those who need 
your services know about 
you and your ability. 


Commercial laboratory has posi- 
tion open for experienced ceramic 
chemist who can handle analysis 
and heat tests of clay, bricks and 
other refractories. Address 
“Testing’’ care American Ceramic 


Society, O. S. U., Columbus, Ohio. 


The Journal of the Society of Glass Technology 


A quarterly Journal containing original papers and abstracts 
of papers covering the whole field of Glass Technology. 


ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 


Price per Number to non-Members.......... 
Price per volume (unbound) to non-Members 


$ 
$ 

$ 


Forms of application for membership may be obtained from the American Treasurer of the 
Society, Mr. Wm. M. Clark, Ph.B., Nela Park, Cleveland, Ohio. 


Address orders and inquiries to: The Secretary, Society of Glass Technology, The 


University, Shefheld, England. 


“ROCKHILL” 


RENOWNED AS THE BEST 


POTTERY COAL 


Owned and Operated By 


Madeira, Hill & Company 
Philadelphia, Pa. 


New York Office 
143 Liberty St. 


(When writing to advertisers, please mention the JOURNAL) 


AMERICAN CERAMIC SOCIETY 


M& T 
SODIUM ANTIMONATE 


1 Purity. Guaranteed over 9914% pure. Contains no Kao- 
lin or other filler. 


2 Fineness. Over 99% through 200 mesh. 


3 Uniformity. Made under expert chemical control and is 
always the same. 


4 Covering power. Superior to all other substitutes for tin 
oxide. Enamels have beautiful lustre. 


5 Dipping qualities. Being alkali free it does not make 
wet enamels slimy and “ropy.” 


6 Economy. Use only 90 lbs. of M. & T. in place of 100 Ibs. 
of trade mixtures containing Sodium Antimonate. If 
you want to, add 10 lbs. of clay. 


PRICE 16 cents per lb. Freight prepaid east of the 
Mississippi River. Packed in barrels of 500 Ibs. 


Exclusive Agents for 


Johnson-Porter Enamel Clays 


By giving exceptionally good results in floating 
enamel these clays are rapidly supplanting 
foreign enamel clays. 


METAL & THERMIT CORPORATION 


Ceramic Department 120 Broadway 
Homer F. Staley, Mgr. New York 


(When writing to advertisers, please mention the JOURNAL) 
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Quality Uniformity 


Edgar QUALITY Clays 
REALLY washed—Highest percentage clay substance 


Experience 


Brands Produced by 
Edgar Florida Kaolin.___.-._._.-____. Edgar Plastic Kaolin Ce. 
Edgar Georgia Paper Clay and Kaolin. _..Edgar Brothers Co. 
Lake County Florida Clay__.......-.-- Lake County Clay Co. 
One Management— Office, Metuchen, N. J. 


12-21 


Brick Making Machines 


Crushers Grinders Mixers 
Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pa. 


KILN COAL 
CLEAN AND WELL PREPARED 


BOWMAN COAL COMPANY 


Broad St. Bank Bldg. Real Estate Trust Bldg. ' 
Trenton, N. J. Phila., Penna. . 


SERVICE | 


How often do you want to know where you can get a certain 
piece of machinery, or what a certain company manufactures, where 
they have branch offices, etc. Write us, we can give you this informa- 


tion. 
Advertising Department 


American Ceramic Society 
Lord Hall, O.S.U. 
Columbus, Ohio 
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THE CENTRAL OF GEORGIA 
RAILWAY COMPANY 


HAS JUST ISSUED A 
DIRECTORY OF COMMERCIAL MINERALS 
IN GEORGIA AND ALABAMA 


The book contains a geological map 
in colors, a brief description of the mineral 
deposits; cross indexed by _ minerals, 
counties and stations. Copy may be had 


on application to 


J. M. MALLORY, 
GENERAL INDUSTRIAL AGENT, 


CENTRAL OF GEORGIA RAILWAY COMPANY 


233 West Broad Street, 


SAVANNAH, GEORGIA. 
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ARE YOU BUYING 


THE RIGHT KIND 
OF COAL FOR 


KILN FIRING? 


IF NOT 
THEN COMMUNICATE WITH 


SEABOARD FUEL CORPORATION 


Atlantic Building 
PHILADELPHIA, PENNA. 


WHO ARE SPECIALISTS IN 
SHIPPING 


ASH 
\ SULPHUR 
VOLATILE 


HIGH FUSING 
TEMPERATURE 
COALS 
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E IMPORTERS OF 


GREE 
FOR THE GLASS AND 
ENAMEL TRADES 


MANUFACTURERS OF 


| NATRONA 

| HYDRATE and OXIDE A Vi 
FOR THE GLASS, ENAMEL 

i AND PORCELAIN TRADES 


And Other INDUSTRIAL CHEMICALS 


Pennsylvania Salt Manufacturing Co. 
PHILADELPHIA, PA. 
Pittsburgh St. Louis Chicago 


THE CONNECTING LINK— 

To greater efficiency in any sliphouse between blunger and filter press is the 
MUELLER PUMP 

Mechanically correct in construction, never-failing in operation, and daily 


performing in many potteries, both large and small throughout the country, 
this pump can help you increase YOUR production. We will gladly tell you 


how. Write today. 


THE MUELLER MACHINE CO., Inc. 
TRENTON, P. 0. Box 758 NEW JERSEY 


KRYOLITH 
NA 
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1892 means 1923 


THIRTY-ONE YEARS EXPERIENCE OF IM- 
PORTING THE HIGHEST GRADES OF 
ENGLISH BALL AND CHINA CLAYS 
ALSO OF MINING HIGH GRADE 
DOMESTIC CLAYS 


WE IMPORT AND MINE 
CLAYS 
FOR 
EVERY 
CERAMIC 
PURPOSE 


PMIC-Inc. MEANS—SERVICE, QUALITY AND PRICE 


Paper Makers Importing Co., Inc. 
EASTON PENNA. 
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“IF T HAD IT TO DO AGAIN” 


Talk to any man who has an enameling plant 
and is smelting his own enamels, and he will 
tell you “‘If 1 had it to do again | would never 
make my own enamels, | would purchase the 
glass already smelted.’ the interest on 
investment, loss of materials and work, the 
amount is enormous. “I! would be thousands 
of dollars ahead if | had purchased my enamels 
in the first place.” 


The man who figures the ‘actual cost of making 
his enamels is the one who is going to be a 
PEMCO customer. You can purchase 
PEMCO églass at less than it costs you to 


smelt your own. 


Ease of application, Uniformity of color, Dura- 
bility and beautiful finish make PEMCO 


Enamels most economical and desirable. 


You will be surprised at their exceedingly low 
cost. 


White us for latest prices. 
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THE PORCELAIN ENAMEL & MFG. CO. 


BALTIMORE, MARYLAND 
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| SQUARE FEET PER HOUR 
AND COST PER SQUARE FOOT 


These two factors should determine the 
kind of burning furnace you will use. 


| 


Hagan Rackless Type Electric Furnace will 
burn 25 to 30 charges or a maximum of 725 sq. ft. 
of enameled ware per hour. This is accomplished 
in a furnace having a hearth area of only 34 sq. ft. 


We can show you how this type of burning 
furnace can burn more ware per day at a lower 
cost per square foot of satisfactory product. 


| HovR = £9 HEATS. 


1890 


Typical Temperature Production Chart 


GEORGE J. HAGAN COMPANY ' 


Pittsburgh Detroit Chicago Los Angeles 
New York 


| 
| 


